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Abstract
In this paper, we present a majorized semismooth Newton-CG augmented La-
grangian method, called SDPNAL+, for semidefinite programming (SDP) with par-
tial or full nonnegative constraints on the matrix variable. SDPNAL+ is a much
enhanced version of SDPNAL introduced by Zhao, Sun and Toh [SIAM Journal
on Optimization, 20 (2010), pp. 1737–1765] for solving generic SDPs. SDPNAL
works very efficiently for nondegenerate SDPs but may encounter numerical diffi-
culty for degenerate ones. Here we tackle this numerical difficulty by employing a
majorized semismooth Newton-CG augmented Lagrangian method coupled with a
convergent 3-block alternating direction method of multipliers introduced recently
by Sun, Toh and Yang [arXiv preprint arXiv:1404.5378, (2014)]. Numerical results
for various large scale SDPs with or without nonnegative constraints show that the
proposed method is not only fast but also robust in obtaining accurate solutions.
It outperforms, by a significant margin, two other competitive publicly available
first order methods based codes: (1) an alternating direction method of multipliers
based solver called SDPAD by Wen, Goldfarb and Yin [Mathematical Programming
Computation, 2 (2010), pp. 203–230] and (2) a two-easy-block-decomposition hybrid
proximal extragradient method called 2EBD-HPE by Monteiro, Ortiz and Svaiter
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[Mathematical Programming Computation, (2013), pp. 1–48]. In contrast to these
two codes, we are able to solve all the 95 difficult SDP problems arising from the
relaxations of quadratic assignment problems tested in SDPNAL to an accuracy of
10−6 efficiently, while SDPAD and 2EBD-HPE successfully solve 30 and 16 prob-
lems, respectively. In addition, SDPNAL+ appears to be the only viable method
currently available to solve large scale SDPs arising from rank-1 tensor approxi-
mation problems constructed by Nie and Wang [arXiv preprint arXiv:1308.6562,
(2013)]. The largest rank-1 tensor approximation problem we solved (in about 14.5
hours) is nonsym(21,4), in which its resulting SDP problem has matrix dimension
n = 9, 261 and the number of equality constraints m = 12, 326, 390.
Keywords: semidefinite programming, degeneracy, augmented Lagrangian, semismooth
Newton-CG method
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1 Introduction
Let K be a pointed closed convex cone whose interior int(K) 6= ∅ and P be a polyhedral
convex cone in a finite-dimensional Euclidean space X such that K∩P is non-empty. For
any cone C ⊆ X , we denote the dual cone of C by C∗. For any closed convex set C ⊆ X ,
we denote the metric projection of X onto C by ΠC(·) and the tangent cone of C at X ∈ C
by TC(X), respectively. We will make extensive use of the Moreau decomposition theorem
in [10], which states that X = ΠC(X)− ΠC∗(−X) for any X ∈ X and any closed convex
cone C ⊆ X . Let Sn be the space of n×n real symmetric matrices and Sn+ be the cone of
positive semidefinite matrices in Sn. In this paper, we focus on the case where X = Sn,
K = K∗ = Sn+. We are particularly interested in the case where P = Sn≥0, the cone of
n× n real symmetric matrices whose elements are all nonnegative, though the algorithm
which we will design later is also applicable to other cases. For any matrix X ∈ Sn, we
use X  0 to indicate that X is a real symmetric positive definite matrix.
Consider the semidefinite programming (SDP) with an additional polyhedral cone
constraint, which we name as SDP+:
(P) max
{
〈−C, X〉 | A(X) = b, X ∈ K, X ∈ P
}
, (1)
where b ∈ <m and C ∈ X are given data, A : X → <m is a given linear map whose
adjoint is denoted as A∗. Note that P = X is allowed in (1), in which case there is no
additional polyhedral cone constraint imposed on X. We assume that the matrix AA∗ is
invertible, i.e., A is surjective. The dual of (P) is given by
(D) min
{
〈−b, y〉 | A∗(y) + S + Z = C, S ∈ K∗, Z ∈ P∗
}
. (2)
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The optimality conditions (KKT conditions) for (P) and (D) can be written as follows:{
A(X)− b = 0, A∗(y) + S + Z − C = 0,
〈X, S〉 = 0, X ∈ K, S ∈ K∗, 〈X, Z〉 = 0, X ∈ P , Z ∈ P∗. (3)
In order for the KKT conditions (3) to have solutions, throughout this paper we make
the following blanket assumption.
Assumption 1. (a) For problem (P), there exists a feasible solution X0 ∈ Sn+ such that
A(X0) = b, X0  0, X0 ∈ P . (4)
(b) For problem (D), there exists a feasible solution (y0, S0, Z0) ∈ <m×Sn+×Sn such that
A∗(y0) + S0 + Z0 = C, S0  0, Z0 ∈ P∗. (5)
It is known from convex analysis (e.g, [2, Corollary 5.3.6]) that under Assumption 1,
the strong duality for (P) and (D) holds and the KKT conditions (3) have solutions.
For a given σ > 0, define the augmented Lagrangian function for the dual problem
(D) as follows:
Lσ(y, S, Z;X) = 〈−b, y〉+ 〈X, A∗y + S + Z − C〉+ σ
2
‖A∗y + S + Z − C‖2
= 〈−b, y〉+ σ
2
‖A∗y + S + Z + σ−1X − C‖2 − 1
2σ
‖X‖2, (6)
where X ∈ X , y ∈ <m, S ∈ K∗, Z ∈ P∗. We can consider the following inexact augmented
Lagrangian method to solve (D). Specifically, given σ0 > 0, (y
0, S0, Z0) ∈ <m ×K∗ ×P∗,
perform the following steps at the (k + 1)-th iteration:{
(yk+1, Sk+1, Zk+1) ≈ arg min{Lσk(y, S, Z;Xk) | y ∈ <m, S ∈ K∗, Z ∈ P∗}, (7a)
Xk+1 = Xk + σk(A∗yk+1 + Sk+1 + Zk+1 − C), (7b)
where σk ∈ (0,+∞), k = 0, 1, . . .. For a general discussion on the convergence of the
augmented Lagrangian method for solving convex optimization problems and beyond, see
[17, 18].
Note that problem (P) can be reformulated as a standard SDP in the primal form
by replacing the constraint X ∈ P with two constraints X − Y = 0 and Y ∈ P . In
[25], SDPNAL introduced by Zhao, Sun and Toh is applied to solve such a reformulated
problem. It works quite well for nondegenerate SDPs, especially those without the con-
straint X ∈ P . However, many of the tested SDPs (with the constraint X ∈ P) in [25]
are degenerate and SDPNAL is unable to solve those problems efficiently. Motivated by
our desire to overcome the aforementioned difficulty in solving degenerate SDPs and to
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improve the performance of SDPNAL, we present here a majorized semismooth Newton-
CG augmented Lagrangian method by directly working on (P) instead of its reformulated
problem. We call this new method SDPNAL+ since it is a much enhanced version of
SDPNAL and it is designed for SDP+ problems (P).
The remaining parts of this paper are organized as follows. In Section 2, we introduce
a majorized semismooth Newton-CG method for solving the inner minimization problems
of the augmented Lagrangian method and analyze the convergence for solving these inner
problems. Section 3 presents the SDPNAL+ dual approach. Section 4 is on numerical
issues. There we report numerical results for a variety of SDP+ and SDP problems. We
make an extensive numerical comparison with two other competitive first order methods
based codes: (1) an alternating direction method of multiplier (ADMM) based solver
called SDPAD by Wen et al. [24] and (2) a two-easy-block-decomposition hybrid proximal
extragradient method called 2EBD-HPE by Monteiro et al. [9]. Numerical results show
that SDPNAL+ is both fast and robust in achieving accurate solutions.
For the first time, we are able to solve all the 95 difficult SDP problems arising from the
relaxations of quadratic assignment problems (QAPs) tested in SDPNAL to an accuracy
of 10−6 efficiently, while SDPAD and 2EBD-HPE successfully solve 30 and 16 problems,
respectively. In addition, SDPNAL+ appears to be the only viable method currently
available to solve large scale SDPs arising from rank-1 tensor approximation problems
constructed by Nie and Wang [11]. The largest rank-1 tensor approximation problem
solved is nonsym(21,4), in which its resulting SDP problem has matrix dimension n =
9, 261 and the number of equality constraints m = 12, 326, 390. Finally, in order to
demonstrate the power of the proposed majorized semismooth Newton-CG procedure, we
list the numerical results by only running the convergent ADMM with 3-block constraints
(ADMM+ in short) introduced by Sun et al. [21]. As one may observe, although ADMM+
outperforms both SDPAD and 2EBD-HPE, it can still encounter numerical difficulty in
solving some hard problems such as those arising from QAPs to high accuracy. The
superior numerical performance of SDPNAL+ over solvers based purely on first order
methods such as SDPAD and 2EBD-HPE clearly shows the necessity of exploiting second
order methods such as the semismooth Newton-CG method in order to solve hard SDP+
and SDP problems to high accuracy efficiently. While there has been a recent focus
on using first order methods such as those based on ADMM or accelerated proximal
gradient methods to solve structured convex optimization problems arising from machine
learning and statistics, the extensive numerical results we obtained here for matrix conic
programming problems serve to demonstrate that second order methods with good local
convergence property are essential, if used wisely, for mitigating the inherent slow local
convergence of first order methods, especially on difficult problems.
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2 A Majorized Semismooth Newton-CG Method for
Inner Problems
Let σ > 0 and X˜ ∈ Sn be fixed. In this section we will present a majorized semismooth
Newton-CG method for solving the following inner problems involved in the augmented
Lagrangian method (7a):
min
{
φ(y, S, Z) := Lσ(y, S, Z; X˜) | y ∈ <m, S ∈ K∗, Z ∈ P∗
}
. (8)
Note that problem (8) is the dual of the following problem:
max
{
〈−C,X〉 − 1
2σ
‖X − X˜‖2 | A(X) = b, X ∈ K, X ∈ P
}
. (9)
Since the objective function in (9) is strongly concave, (9) has a unique optimal solution.
In order for its dual problem (8) to have a bounded solution set, we need the following
generalized Slater condition.
Assumption 2. There exists a positive definite matrix X0 ∈ Sn+ ∩ relint(P) such that
A(TP(X0)) = <m, X0  0, (10)
where relint(P) denotes the relative interior of P.
Note that in (10), TP(X0) is actually a linear subspace of Sn as X0 is assumed to be
in the relative interior part of the polyhedral cone P . When P = Sn, Assumption 2 is
equivalent to saying that{ A : Sn → <m is onto,
∃X0 ∈ Sn+ such that A(X0) = b, X0  0. (11)
From [16, Theorems 17 and 18], we have the following useful lemma.
Lemma 2.1. Suppose that Assumption 2 holds. Then for any α ∈ <, the level set
Lα := {(y, S, Z) ∈ <m ×K∗ × P∗ | φ(y, S, Z) ≤ α} is a closed and bounded convex set.
2.1 A Majorized Semismooth Newton-CG Method
Consider (y˜, S˜, Z˜) ∈ arg min{φ(y, S, Z) | y ∈ <m, S ∈ K∗, Z ∈ P∗}. Let
Ĉ = C − σ−1X˜.
Then we must have Z˜ = ΠP∗(Ĉ −A∗y˜ − S˜). Therefore, problem (8) is equivalent to the
following optimization problem:
min
{
Φ(y, S) := 〈−b, y〉+ σ
2
‖ΠP(A∗y + S − Ĉ)‖2 | y ∈ <m, S ∈ K∗
}
. (12)
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In order to introduce our majorized semismooth Newton-CG method for solving (12),
we need to majorize the second part of the objective function in (12) by a convex, but not
necessarily strongly convex, quadratic function. Specifically, for given (yl, Sl) ∈ <m ×K∗
and l ≥ 0, since
‖ΠP(A∗y + S − Ĉ)‖2 ≤ ‖ΠP(A∗yl + Sl − Ĉ)‖2 + ‖A∗y + S −A∗yl − Sl‖2
+ 2〈ΠP(A∗yl + Sl − Ĉ), A∗y + S −A∗yl − Sl〉
= ‖A∗y + S + Z l − Ĉ‖2,
where Z l := ΠP∗(Ĉ −A∗yl − Sl), we know that for (y, S) ∈ <m × Sn,
Φ(y, S) ≤ 〈−b, y〉+ σ
2
‖A∗y + S + Z l − Ĉ‖2
= Ψl(y, S) := 〈−b, y〉+ σ
2
‖A∗y + S + σ−1X˜ − C˜ l‖2, (13)
where C˜ l := C−Z l. Thus Ψl is a majorization function of Φ at (yl, Sl) because Ψl(yl, Sl) =
Φ(yl, Sl) and Ψl(y, S) ≥ Φ(y, S) ∀(y, S) ∈ <m × Sn. In order to find an optimal solution
for problem (12), for l = 0, 1, . . ., we solve the following problem
min
{
Ψl(y, S) | y ∈ <m, S ∈ K∗
}
. (14)
Observe that if (y˜, S˜) ∈ arg min{Ψl(y, S) | y ∈ <m, S ∈ K∗}, then we must have S˜ =
ΠK∗(C˜ l −A∗y˜ − σ−1X˜). Thus we can compute yl+1 and Sl+1 simultaneously as follows:yl+1 ∈ arg min
{
ϕl(y) := 〈−b, y〉+ σ
2
‖ΠK(A∗y + σ−1X˜ − C˜ l)‖2 | y ∈ <m
}
, (15a)
Sl+1 = ΠK∗(C˜ l −A∗yl+1 − σ−1X˜). (15b)
Note that we can only solve problem (15a) inexactly by an iterative method. Here we will
introduce a semismooth Newton-CG (SNCG) method for solving (15a). Specifically, for
fixed X˜, C˜ ∈ Sn, we need to consider the following problem of the form
min
{
ϕ(y) := 〈−b, y〉+ σ
2
‖ΠK(A∗y + σ−1X˜ − C˜)‖2 | y ∈ <m
}
. (16)
The objective function in (16) is continuously differentiable and solving (16) is equivalent
to solving the following nonsmooth equation:
∇ϕ(y) = AΠK(X˜ + σ(A∗y − C˜))− b = 0, y ∈ <m. (17)
Since ΠK(·) is strongly semismooth [20], we can design a SNCG method as in [25] to solve
(17), and expect fast superlinear or even quadratic convergence.
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Let y˜ ∈ <m be fixed. Consider the following eigenvalue decomposition:
X˜ + σ(A∗y˜ − C˜) = QΓy˜QT, (18)
where Q ∈ Rn×n is an orthogonal matrix whose columns are eigenvectors, and Γy˜ is the
diagonal matrix of eigenvalues with the diagonal elements arranged in the nonincreasing
order: λ1 ≥ λ2 ≥ · · · ≥ λn. Define the following index sets
α := {i | λi > 0}, α¯ := {i | λi ≤ 0}.
We define the operator W 0y˜ : Sn → Sn by
W 0y˜ (H) := Q(Σ ◦ (QTHQ))QT, H ∈ Sn, (19)
where “ ◦ ” denotes the Hadamard product of two matrices and
Σ =
[
Eαα ναα¯
νTαα¯ 0
]
, νij :=
λi
λi − λj , i ∈ α, j ∈ α¯, (20)
where Eαα ∈ S |α| is the matrix of ones. Define V 0y˜ : <m → Sn by
V 0y˜ d := σA[Q(Σ ◦ (QT(A∗d)Q))QT], d ∈ <m. (21)
For any y ∈ <m, define
∂ˆ2ϕ(y) := σA ∂ΠK(X˜ + σ(A∗y − C˜))A∗, (22)
where ∂ΠK(X˜ + σ(A∗y − C˜)) is the Clarke subdifferential of ΠK(·) at X˜ + σ(A∗y − C˜).
Note that from [8], we know that
∂ˆ2ϕ(y˜)h = ∂2ϕ(y˜)h ∀h ∈ <m, (23)
where ∂2ϕ(y˜) denotes the generalized Hessian of ϕ at y˜, i.e., the Clarke subdifferential of
∇ϕ at y˜. However, note that (23) does not mean that ∂ˆ2ϕ(y˜) = ∂2ϕ(y˜). Actually, it is
unclear to us whether the latter holds. Fortunately, from Pang, Sun, and Sun [13, Lemma
11] we know that
W 0y˜ ∈ ∂ΠK(X˜ + σ(A∗y˜ − C˜))
and thus V 0y˜ = σAW 0y˜A∗ ∈ ∂ˆ2ϕ(y˜).
Now we will introduce the SNCG algorithm for solving (16). Choose y0 ∈ <m. Then
the algorithm can be stated as follows.
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Algorithm SNCG: A Semismooth Newton-CG Algorithm (SNCG(y0, X˜, σ)).
Given µ ∈ (0, 1/2), η¯ ∈ (0, 1), τ ∈ (0, 1], τ1, τ2 ∈ (0, 1), and δ ∈ (0, 1). Perform the jth
iteration as follows.
Step 1. Given a maximum number of CG iterations Nj > 0, compute
ηj := min(η¯, ‖∇ϕ(yj)‖1+τ ).
Apply the conjugate gradient (CG) algorithm (CG(ηj, Nj)), to find an approxima-
tion solution dj to
(Vj + εjI) d = −∇ϕ(yj), (24)
where Vj ∈ ∂ˆ2ϕ(yj) is defined as in (21) and εj := τ1 min{τ2, ‖∇ϕ(yj)‖}.
Step 2. Set αj = δ
mj , where mj is the first nonnegative integer m for which
ϕ(yj + δmdj) ≤ ϕ(yj) + µδm〈∇ϕ(yj), dj〉. (25)
Step 3. Set yj+1 = yj + αj d
j.
The convergence results for the above SNCG algorithm are stated in Theorems 2.2
and 2.3 below. We shall omit the proofs as they can be proved in the same fashion as in
[25, Theorems 3.4 and 3.5].
Theorem 2.2. Suppose that Assumption 2 holds. Then Algorithm SNCG generates a
bounded sequence {yj} and any accumulation point yˆ of {yj} is an optimal solution to
problem (16).
Theorem 2.3. Suppose that Assumption 2 holds. Let yˆ be an accumulation point of the
infinite sequence {yj} generated by Algorithm SNCG for solving the problem (16). Suppose
that at each step j ≥ 0, when the CG algorithm terminates, the tolerance ηj is achieved
(e.g., when Nj = m+ 1), i.e.,
‖∇ϕ(yj) + (Vj + εjI) dj‖ ≤ ηj. (26)
Assume that the constraint nondegenerate condition
A lin(TK(Ŵ )) = <m (27)
holds at Ŵ := ΠK(X˜ + σ(A∗yˆ − C˜)), where lin(TK(Ŵ )) denotes the lineality space of
TK(Ŵ ). Then the whole sequence {yj} converges to yˆ and
‖yj+1 − yˆ‖ = O(‖yj − yˆ‖1+τ ). (28)
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Given ξ1 ∈ (0, 1) and ξ2 ∈ (0,∞), we will use the following stopping criteria for
terminating Algorithm SNCG:
(A1) ϕl(y
l+1) ≤ ϕl(yl)− ξ12
∣∣〈∇ϕl(yl), yl+1 − yl〉∣∣,
(A2) ‖∇ϕl(yl+1)‖ ≤ ξ2(ϕl(yl)− ϕl(yl+1)) 12 .
We can now state our majorized semismooth Newton-CG method for solving (12) as
follows:
Algorithm MSNCG: A Majorized Semismooth Newton-CG Algorithm
(MSNCG(y0, S0, Z0, X˜, σ)).
Given ξ1 ∈ (0, 1), ξ2 ∈ (0,+∞). Perform the lth iteration as follows.
Step 1. Starting with yl as the initial point, apply Algorithm SNCG to minimize ϕl(·)
to find yl+1 = SNCG(yl, X˜, σ) satisfying (A1) and (A2).
Step 2. Compute Sl+1 := ΠK∗(C −A∗yl+1−Z l− σ−1X˜) and Z l+1 := ΠP∗(C −A∗yl+1−
Sl+1 − σ−1X˜).
Next, we establish the convergence of Algorithm MSNCG. For notational convenience,
for any y ∈ <m and S ∈ Sn, let Y := (y, S). Define the linear map M : <m × Sn → Sn
by
MY := A∗y + S ∀Y = (y, S) ∈ <m × Sn. (29)
Let B := (b, 0) ∈ <m × Sn and C := <m ×K∗. Then problem (12) is equivalent to
min
{
Φ(Y ) := 〈−B, Y 〉+ σ
2
‖ΠP(MY + σ−1X˜ − C)‖2 | Y ∈ C
}
(30)
and the function Ψl(y, S) in (13) can be rewritten as
Ψl(Y ) = Ψl(y, S) = −〈B, Y 〉+ σ
2
‖MY + σ−1X˜ − C + Z l‖2.
Furthermore, Ŷ = (yˆ, Ŝ) is an optimal solution of
min
{
Ψl(Y ) | Y ∈ C
}
(31)
if and only if yˆ is an optimal solution of problem (15a) and Ŝ = ΠK∗(C˜ l −A∗yˆ − σ−1X˜).
In addition, conditions (A1) and (A2) are equivalent to the following two conditions,
respectively,
Ψl(Y
l+1) ≤ Ψl(Y l)− ξ1
2
∣∣〈∇Ψl(Y l), Y l+1 − Y l〉∣∣ , (32)
‖Y l+1 − ΠC(Y l+1 −∇Ψl(Y l+1))‖ ≤ ξ2(Ψl(Y l)− Ψl(Y l+1)) 12 . (33)
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Lemma 2.4. Suppose that Assumption 2 holds. Then for Algorithm MSNCG, (A1) and
(A2) are achievable.
Proof. If Y l − ΠC(Y l − ∇Ψl(Y l)) = 0, then one can take Y l+1 = Y l to satisfy (A1) and
(A2).
Next, we assume that Y l−ΠC(Y l−∇Ψl(Y l)) 6= 0. Then Y l is not an optimal solution
of problem (31). Let Ŷ be an arbitrary optimal solution of problem (31). Then Ŷ =
ΠC(Ŷ −∇Ψl(Ŷ )). So 〈Y l − Ŷ , (Ŷ −∇Ψl(Ŷ ))− Ŷ 〉 ≤ 0, i.e.,
〈∇Ψl(Ŷ ), Y l − Ŷ 〉 ≥ 0,
which implies
〈∇Ψl(Y l), Y l − Ŷ 〉 ≥ 〈∇Ψl(Y l)−∇Ψl(Ŷ ), Y l − Ŷ 〉 = σ‖M(Ŷ − Y l)‖2. (34)
Since
Ψl(Y
l) > Ψl(Ŷ ) = Ψl(Y
l) + 〈∇Ψl(Y l), Ŷ − Y l〉+ σ
2
‖M(Ŷ − Y l)‖2, (35)
we obtain that 〈∇Ψl(Y l), Ŷ − Y l〉+ σ2‖M(Ŷ − Y l)‖2 < 0. This implies
〈∇Ψl(Y l), Ŷ − Y l〉 < 0. (36)
Then by using (34), (35), (36) and the fact that Ŷ = ΠC(Ŷ −∇Ψl(Ŷ )), we know that for
given ξ1 ∈ (0, 1) and ξ2 ∈ (0,∞), there exists δ > 0 such that
Ψl(Y ) ≤ Ψl(Y l)− ξ1
2
∣∣〈∇Ψl(Y l), Y − Y l〉∣∣ ,
‖Y − ΠC(Y −∇Ψl(Y ))‖ ≤ ξ2(Ψl(Y l)− Ψl(Y )) 12 ,
for all Y ∈ C satisfying ‖Y − Ŷ ‖ < δ. Let {y˜j}+∞j=0 be the sequence generated by
SNCG(y˜0, X˜, σ) with y˜0 := yl. For each j ≥ 0, let S˜j := ΠK∗(C − A∗y˜j − Z l − σ−1X˜).
Then by Theorem 2.2, we know that {(y˜j, S˜j)} is a bounded sequence and any accumu-
lation point of {(y˜j, S˜j)}, say Ŷ := (yˆ, Ŝ), is an optimal solution to problem (31). Thus
there exists a sufficiently large j such that Y l+1 := (y˜j, S˜j) satisfying (32) and (33).
Theorem 2.5. Suppose that Assumption 2 holds. Let Algorithm MSNCG be executed
with stopping criteria (A1) and (A2). Then it generates a bounded sequence {(yl, Sl, Z l)}
and any accumulation point (yˆ, Ŝ) of {(yl, Sl)} is an optimal solution to problem (12) and
hence (yˆ, Ŝ, Ẑ) is an optimal solution to problem (8), where Ẑ := ΠP∗(C−A∗yˆ−Ŝ−σ−1X˜).
Furthermore, ‖Z l+1 − Z l‖ → 0 as l→ +∞.
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Proof. By (32), we have Φ(Y l+1) ≤ Ψl(Y l+1) ≤ Ψl(Y l) − ξ12
∣∣〈∇Ψl(Y l), Y l+1 − Y l〉∣∣ =
Φ(Y l)− ξ1
2
∣∣〈∇Ψl(Y l), Y l+1 − Y l〉∣∣. Hence, the sequence {Φ(Y l)} is nonincreasing.
By Lemma 2.1, we know that the level set L := {Y ∈ C | Φ(Y ) ≤ Φ(Y 0)} is
a closed and bounded convex set. Then the sequence {Y l} is bounded and so is the
sequence {Z l}. Let Ŷ be an accumulation point of {Y l}. Then Φ(Y l) → Φ(Ŷ ) and
〈∇Ψl(Y l), Y l+1 − Y l〉 → 0 as l→∞. Furthermore, Ψl(Y l)− Ψl(Y l+1)→ 0 as l→∞.
By noting that
Ψl(Y
l+1) = Ψl(Y
l) + 〈∇Ψl(Y l), Y l+1 − Y l〉+ σ
2
‖M(Y l+1 − Y l)‖2, (37)
we get from (32) that
〈∇Ψl(Y l), Y l+1 − Y l〉+ σ
2
‖M(Y l+1 − Y l)‖2 ≤ −ξ1
2
∣∣〈∇Ψl(Y l), Y l+1 − Y l〉∣∣ ≤ 0. (38)
Since 〈∇Ψl(Y l), Y l+1 − Y l〉 → 0 as l→∞, we obtain from (38) that
‖M(Y l+1 − Y l)‖ → 0 as l→∞. (39)
For any l ≥ 0, denote ∆l := Y l − ΠC(Y l −∇Φ(Y l)). Then we have
‖∆l+1‖ ≤ ‖Y l+1 − ΠC(Y l+1 −∇Ψl(Y l+1))‖
+ ‖ΠC(Y l+1 −∇Ψl(Y l+1))− ΠC(Y l+1 −∇Φ(Y l+1))‖
≤ ξ2(Ψl(Y l)− Ψl(Y l+1)) 12 + ‖∇Ψl(Y l+1)−∇Φ(Y l+1)‖.
By direct computations, we have for l ≥ 1,
‖∇Ψl(Y l+1)−∇Φ(Y l+1)‖
= ‖σM∗(MY l+1 + σ−1X˜ − C + Z l)− σM∗(ΠP(MY l+1 + σ−1X˜ − C))‖
= ‖σM∗(Z l − Z l+1)‖ ≤ σ‖M∗‖‖M(Y l+1 − Y l)‖,
where we have used the fact that
‖Z l+1 − Z l‖ = ‖ΠP∗(C − σ−1X˜ −MY l+1)− ΠP∗(C − σ−1X˜ −MY l)‖
≤ ‖M(Y l+1 − Y l)‖. (40)
Thus, by (39) and the fact that (Ψl(Y
l) − Ψl(Y l+1)) 12 → 0 as l → ∞, we derive that
‖∆l+1‖ → 0 as l → ∞. Since Ŷ is an accumulation point of {Y l}, we obtain that
Ŷ − ΠC(Ŷ − ∇Φ(Ŷ )) = 0. By the convexity of Φ, Ŷ is an optimal solution of problem
(30).
Finally, by using (39) and (40), we know that ‖Z l+1 − Z l‖ → 0 as l→∞.
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3 A Majorized Semismooth Newton-CG Augmented
Lagrangian Method
For any k ≥ 0 and (y, S, Z) ∈ <m × Sn × Sn, denote
φk(y, S, Z) := Lσk(y, S, Z;X
k), (41)
φˆk(y, S, Z) :=
{
Lσk(y, S, Z;X
k) if (y, S, Z) ∈ Ω := <m ×K∗ × P∗,
+∞ otherwise. (42)
Since the inner problems in (8) are solved inexactly, we will use the following standard
stopping criteria considered in [18, 17] to terminate Algorithm MSNCG:
(B1) φˆk(y
k+1, Sk+1, Zk+1)− inf φˆk ≤ 2k, k ≥ 0,
∑∞
k=0 k <∞.
(B2) φˆk(y
k+1, Sk+1, Zk+1)− inf φˆk ≤ (δ2k/2σk)‖Xk+1 −Xk‖, δk ≥ 0,
∑∞
k=0 δk <∞.
(B3) dist(0, ∂φˆk(y
k+1, Sk+1, Zk+1)) ≤ (δ′k/σk)‖Xk+1 −Xk‖, 0 ≤ δ′k → 0.
Just like SDPNAL, each iteration of the MSNCG algorithm can be quite expensive.
Thus it is crucial for us to find a reasonably good initial point to warm start Algorithm
SDPNAL+. We can certainly do so by solving the inner problem (8) by using any gradient
descent type method. However, for this purpose we find that ADMM+ introduced by Sun,
Toh and Yang [21] is usually more efficient than other choices. Now we can present our
SDPNAL+ algorithm as follows.
Algorithm SDPNAL+: A Majorized Semismooth Newton-CG Augmented La-
grangian Algorithm (SDPNAL+(y0, S0, Z0, X0, σ0))
Stage 1. Use ADMM+ to generate an initial point
(y0, S0, Z0, X0, σ0)← ADMM+(y0, S0, Z0, X0, σ0).
Stage 2. For k = 0, . . . , perform the kth iteration as follows:
(a) Using (yk, Sk, Zk) as the initial point, apply Algorithm MSNCG to minimize
φˆk(·) to find (yk+1, Sk+1, Zk+1) = MSNCG (yk, Sk, Zk, Xk, σk) and Xk+1 =
Xk + σk(A∗yk+1 + Sk+1 + Zk+1 − C) satisfying (B1), (B2) or (B3).
(b) Update σk+1 = ρσk for some ρ > 1 or σk+1 = σk.
Remark 3.1. As mentioned in the introduction, if (P) is reformulated as a standard SDP
and Algorithm SDPNAL+ is applied to this reformulated form, then SDPNAL+ reduces
to SDPNAL proposed in [25].
12
We can obtain similar theorems on the convergence of SDPNAL+ as SDPNAL ([25,
Theorems 4.1 and 4.2]). The global convergence of Algorithm SDPNAL+ follows from
Rockafellar [18, Theorem 1] and [17, Theorem 4] without much difficulty.
Theorem 3.1. Suppose that Assumption 2 holds. Let Algorithm SDPNAL+ be executed
with stopping criterion (B1). If there exists (y0, S0, Z0) ∈ <m × Sn+ × Sn such that
A∗(y0) + S0 + Z0 = C, S0  0, Z0 ∈ relint(P∗), (43)
then the sequence {Xk} ⊂ P generated by Algorithm SDPNAL+ is bounded and {Xk}
converges to X, where X is some optimal solution to (P), and {(yk, Sk, Zk)} is asymp-
totically minimizing for (D) with max(P) = inf(D).
If {Xk} is bounded, then the sequence {(yk, Sk, Zk)} is also bounded, and all of its
accumulation points of the sequence {(yk, Sk, Zk)} are optimal solutions to (D).
Next we state the local linear convergence of Algorithm SDPNAL+.
Theorem 3.2. Suppose that Assumption 2 holds. Let Algorithm SDPNAL+ be executed
with stopping criteria (B1) and (B2). Assume that (D) satisfies condition (43). If the
second order sufficient conditions (in the sense of the conditions in [1, Theorem 3.137])
holds at X, where X is an optimal solution to (P), then the generated sequence {Xk} ⊂ P
is bounded and {Xk} converges to the unique optimal solution X with max(P) = min(D),
and
‖Xk+1 −X‖ ≤ θ∞‖Xk −X‖ ∀ k sufficiently large,
for some θ∞ ∈ [0, 1) with the property that θ∞  1 if σk → σ∞ for any sufficiently large
σ∞. The conclusions of Theorem 3.1 about {(yk, Sk, Zk)} are also valid.
Proof. The conclusions of Theorem 3.2 follow from the results in [18, Theorem 2] and [17,
Theorem 5 and Proposition 3] combined with [1, Theorem 3.137].
4 Numerical Experiments
4.1 SDP+ and SDP Problem Sets
In our numerical experiments, we test the following SDP+ and SDP problem sets.
(i) SDP+ problems coming from the relaxation of a binary integer nonconvex quadratic
(BIQ) programming:
min
{1
2
xTQx+ 〈c, x〉 | x ∈ {0, 1}n−1
}
. (44)
This problem has been shown in [3] that under some mild assumptions, it can equivalently
be reformulated as the following completely positive programming (CPP) problem:
min
{1
2
〈Q, X0〉+ 〈c, x〉 | diag(X0) = x,X = [X0, x;xT , 1] ∈ Cnpp
}
, (45)
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where Cnpp denotes the n-dimensional completely positive cone. It is well known that even
though Cnpp is convex, it is computationally intractable. To solve the CPP problem, one
would typically relax Cnpp to Sn+ ∩ Sn≥0, and the relaxed problem has the form (P):
min 1
2
〈Q, X0〉+ 〈c, x〉
s.t. diag(X0)− x = 0, α = 1, X =
[
X0 x
xT α
]
∈ Sn+, X ∈ P ,
(46)
where the polyhedral cone P = {X ∈ Sn | X ≥ 0}. In our numerical experiments, the
test data for Q and c are taken from Biq Mac Library maintained by Wiegele, which is
available at http://biqmac.uni-klu.ac.at/biqmaclib.html.
(ii) SDP and SDP+ problems arising from the relaxation of maximum stable set
problems. Given a graph G with edge set E , the SDP and SDP+ relaxation θ(G) and
θ+(G) of the maximum stable set problem are given by
θ(G) = max{〈eeT , X〉 : 〈Eij, X〉 = 0, (i, j) ∈ E , 〈I, X〉 = 1, X ∈ Sn+}, (47)
θ+(G) = max{〈eeT , X〉 : 〈Eij, X〉 = 0, (i, j) ∈ E , 〈I, X〉 = 1, X ∈ Sn+, X ∈ P},(48)
where Eij = eie
T
j + eje
T
i and ei denotes the ith column of the identity matrix, P = {X ∈
Sn | X ≥ 0}. In our numerical experiments, we test the graph instances G considered in
[19], [22], and [23].
(iii) SDP+ relaxation for computing lower bounds for quadratic assignment problems
(QAPs). Let Π be the set of n× n permutation matrices. Given matrices A,B ∈ Sn, the
QAP is given by
v∗QAP := min{〈X,AXB〉 : X ∈ Π}. (49)
For a matrix X = [x1, . . . , xn] ∈ <n×n, we will identify it with the n2-vector x =
[x1; . . . ;xn]. For a matrix Y ∈ Rn2×n2 , we let Y ij be the n × n block corresponding to
xix
T
j in the matrix xx
T . It is shown in [15] that v∗QAP is bounded below by the following
number generated from the SDP+ relaxation of (49):
v := min 〈B ⊗ A, Y 〉
s.t.
∑n
i=1 Y
ii = I, 〈I, Y ij〉 = δij ∀ 1 ≤ i ≤ j ≤ n,
〈E, Y ij〉 = 1 ∀ 1 ≤ i ≤ j ≤ n, Y ∈ Sn+, Y ∈ P ,
(50)
where E is the matrix of ones, and δij = 1 if i = j, and 0 otherwise, P = {X ∈ Sn2 |
X ≥ 0}. In our numerical experiments, the test instances (A,B) are taken from the QAP
Library [7].
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(iv) SDP+ relaxations of clustering problems (RCPs) described in [14, eq. (13), up to
a constant]:
min
{
〈−W, X〉 | Xe = e, 〈I, X〉 = K,X ∈ Sn+, X ∈ P
}
, (51)
where W is the so-called affinity matrix whose entries represent the similarities of the
objects in the dataset, e is the vector of ones, and K is the number of clusters, P =
{X ∈ Sn | X ≥ 0}. All the data sets we tested are from the UCI Machine Learning
Repository (available at http://archive.ics.uci.edu/ml/datasets.html). For some
large data instances, we only select the first n rows. For example, the original data
instance “spambase” has 4601 rows, we select the first 1500 rows to obtain the test
problem “spambase-large.2” for which the number “2” means that there are K = 2
clusters.
(v) SDP+ problems arising from the SDP relaxation of frequency assignment problems
(FAPs) [6]. The explicit description of the SDP in the form (P ) is given in [4, eq. (5)]:
max 〈(k−1
2k
)L(G,W )− 1
2
Diag(We), X〉
s.t. diag(X) = e,X ∈ Sn+,
−Eij •X = 2/(k − 1) ∀(i, j) ∈ U ⊆ E,
−Eij •X ≤ 2/(k − 1) ∀(i, j) ∈ E \ U,
(52)
where k > 1 is an integer, L(G,W ) := Diag(We) −W is the Laplacian matrix, Eij =
eie
T
j + eje
T
i with ei ∈ <n being the ith standard unit vector and e ∈ <n is the vector of
all ones. Let
Mij =
{
− 1
k−1 ∀(i, j) ∈ E,
0 otherwise.
(53)
Then (52) is equivalent to
max 〈(k−1
2k
)L(G,W )− 1
2
Diag(We), X〉
s.t. diag(X) = e,X ∈ Sn+, X −M ∈ P ,
(54)
where P = {X ∈ Sn | Xij = 0,∀(i, j) ∈ U ;Xij ≥ 0,∀(i, j) ∈ E \ U}.
We should mention that we can easily extend our algorithm to handle the following
more general SDP+ problem:
min
{
〈C, X〉 | A(X) = b, X ∈ K, X −M ∈ P
}
, (55)
where M ∈ X is a given matrix. Thus (54) can also be solved by our proposed algorithm.
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(vi) SDP relaxations for rank-1 tensor approximations (R1TA) [12]:
max
{
〈f, y〉 |M(y) ∈ Sn+, 〈g, y〉 = 1
}
, (56)
where y ∈ <Nnm , M(y) is a linear pencil in y. The dual of (56) is given by
min
{
γ | γg − f = M∗(X), X ∈ Sn+
}
. (57)
It is shown in [11] that (57) can be transformed into a standard SDP (up to a constant):
min
{
〈C, X〉 | A(X) = b, X ∈ Sn+
}
, (58)
where C is a constant matrix and A is a linear map, which depend on M, f, g.
4.2 Numerical Results
In this subsection, we compare the performance of our SDPNAL+ algorithm with two
other competitive publicly available first order methods based codes for solving large-
scale SDP+ and SDP problems: an ADMM based solver, called SDPAD1 (release-beta2,
released in December 2012) developed in [24] and a two-easy-block-decomposition hybrid
proximal extragradient method, which was called 2EBD-HPE2 (v0.2, released on May 31,
2013) and we call it 2EBD here, introduced in [9]. Since we use the convergent ADMM
with 3-block constraints introduced by Sun et al. [21] (which was called ADMM3c but we
call it ADMM+ here to indicate that it is an enhanced version of ADMM with convergence
guantantee) to warm start SDPNAL+, we also list the numerical results obtained by
running ADMM+ alone for the purpose of demonstrating the power and the importance
of the proposed majorized semismooth Newton-CG algorithm for solving difficult SDP+
and SDP problems.
All our computational results for the tested SDP+ and SDP problems are obtained by
running Matlab on a Linux server having 6 cores with 12 Intel Xeon X5650 processors
at 2.67GHz and 32G RAM.
Note that numerically it is difficult to compute dist(0, ∂φˆk(W
k+1)) in the criterion
(B3) for terminating Algorithm MSNCG directly, where W k+1 = (yk+1, Sk+1, Zk+1). For-
tunately, by using the fact that for any closed convex cone C ⊆ Sn and X ∈ C, it holds
that C ⊆ TC(X), we have from [17] that
dist(0, ∂φˆk(W
k+1)) = ‖ΠTΩ(Wk+1)(−∇φk(W k+1))‖
≤ ‖ΠT<m (yk+1)(−∇yφk(W k+1))‖+ ‖ΠTK∗ (Sk+1)(−∇Sφk(W k+1))‖+ ‖ΠTP∗ (Zk+1)(−∇Zφk(W k+1))‖
≤ ‖ −∇yφk(W k+1)‖+ ‖ΠK∗(−∇Sφk(W k+1))‖+ ‖ΠP∗(−∇Zφk(W k+1))‖
= ‖A(Xk + σkRk+1D )− b‖+ σk‖ΠK∗(−Rk+1D − σ−1k Xk)‖. (59)
1http://www.bicmr.org/~wenzw/code/SDPAD-release-beta2.zip
2www2.isye.gatech.edu/~cod3/CamiloOrtiz/Software_files/2EBD-HPE_v0.2/2EBD-HPE_v0.2.
zip
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where Rk+1D = A∗yk+1 + Sk+1 + Zk+1 − C. In order to avoid computing ΠK∗(−Rk+1D −
σ−1k X
k), we majorize the second part of (59) by a simpler term. Specifically, by using the
fact that for any X ∈ K and Y ∈ Sn, ‖ΠK∗(Y −X)‖ = ‖ΠK∗(Y −X)−ΠK∗(−X)‖ ≤ ‖Y ‖,
we have
‖ΠK∗(−Rk+1D − σ−1k Xk)‖ = ‖ΠK∗((Z˜k − Zk+1)− (A∗yk+1 + Sk+1 + Z˜k + σ−1k Xk − C))‖
≤ ‖Z˜k − Zk+1‖,
where Z˜k is the Z at the penultimate iteration when we compute (yk+1, Sk+1, Zk+1) =
MSNCG (yk, Sk, Zk, Xk, σk). Note that A∗yk+1 +Sk+1 + Z˜k +σ−1k Xk−C = ΠK(A∗yk+1 +
Z˜k+σ−1k X
k−C) ∈ K. Thus for a given ζ ∈ (0,+∞), we can replace (B3) by the following
criterion for terminating Algorithm MSNCG:
(B3′) max
{
‖A(Xk + σkRk+1D )− b‖, ζσk‖Zk+1− Z˜k‖
}
≤ (δ′k/σk)‖Xk+1−Xk‖, 0 ≤ δ′k ↓ 0.
In our numerical experiments, we measure the accuracy of an approximate optimal
solution (X, y, S, Z) for (P) and (D) by using the following relative residual:
η = max{ηP , ηD, ηK, ηP , ηK∗ , ηP∗ , ηC1, ηC2}, (60)
where ηP =
‖AX−b‖
1+‖b‖ , ηD =
‖A∗y+S+Z−C‖
1+‖C‖ , ηK =
‖ΠK∗ (−X)‖
1+‖X‖ , ηP =
‖ΠP∗ (−X)‖
1+‖X‖ , ηK∗ =
‖ΠK(−S)‖
1+‖S‖ ,
ηP∗ =
‖ΠP (−Z)‖
1+‖Z‖ , ηC1 =
|〈X,S〉|
1+‖X‖+‖S‖ , ηC2 =
|〈X,Z〉|
1+‖X‖+‖Z‖ . Additionally, we compute the relative
gap by
ηg =
〈C,X〉−〈b, y〉
1+|〈C,X〉|+|〈b, y〉| . (61)
Let ε > 0 be a given accuracy tolerance. We terminate both SDPNAL+ and ADMM+
when
η < ε. (62)
Note that SDPAD can be used to solve SDP+ problems of form (P) with P = Sn≥0
directly and we stop SDPAD when η < ε, where η is defined as in (60). However, it
is shown recently that the direct extension of ADMM to the multi-block case is not
necessarily convergent [5]. Hence SDPAD, which is essentially an implementation of the
direct extension of ADMM with the step length set at 1.618 for solving the dual of SDP+
problems, does not have convergence guarantee in theory.
The implementation of 2EBD including its termination, along with ADMM+ and
SDPAD, is done in the same way as in [21]. For 2EBD, we reformulate QAP, RCP and
R1TA problems as SDP problems in the standard form as these problems do not appear
to have obvious two-easy blocks structures.
In our numerical experiments, we also use a restart strategy for SDPNAL+ if it is not
able to achieve the required accuracy for the tested SDP+ problems. For some problems,
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even though ηP and ηD can reach the required accuracy tolerance, ηK or ηC1 may stay
above the required tolerance or stagnate. This may happen, as in the case for SDPNAL,
because many of these SDP+ problems are degenerate at the optimal solutions. One way
to overcome this difficulty is to apply ADMM+ to (P) using the most recently computed
(y, S, Z,X, σ) to restart SDPNAL+ when its progress is not satisfactory. From this point
of view, our proposed algorithm is quite flexible.
Table 1 shows the number of problems that have been successfully solved to the accu-
racy of 10−6 in η by each of the four solvers SDPNAL+, ADMM+, SDPAD and 2EBD,
with the maximum number of iterations set at 25000 or the maximum computation time
set at 99 hours. As can be seen, only SDPNAL+ can solve all the problems to the accu-
racy of 10−6. In particular, for the first time, we are able to solve all the 95 difficult SDP+
problems arising from QAP problems to an accuracy of 10−6 efficiently, while ADMM+,
SDPAD and 2EBD can successfully solve 39, 30 and 16 problems, respectively.
Table 1: Number of problems which are solved to the accuracy of 10−6 in η.
problem set (No.) \ solver SDPNAL+ ADMM+ SDPAD 2EBD
θ (58) 58 56 53 53
θ+ (58) 58 58 58 56
FAP ( 7) 7 7 7 7
QAP (95) 95 39 30 16
BIQ (134) 134 134 134 134
RCP (120) 120 120 114 109
R1TA (55) 55 42 47 18
Total (527) 527 456 443 393
Tables 2 and 3 show the numerical results of SDPNAL+ with the tolerance ε = 10−6.
The first three columns of each table give the problem name, the dimension of the variable
y (m), the size of the matrix C (ns) and the number of linear inequality constraints (nl)
in (D), respectively. The middle five columns give the number of outer iterations, the
total number of inner iterations, the total number of iterations for ADMM+, and the
objective values 〈C, X〉 and 〈b, y〉. The relative infeasibilities and gap, as well as times
(in the format hours:minutes:seconds) are listed in the last eight columns. It is interesting
to note that all the tested problems (especially the QAPs) can be solved to the required
accuracy 10−6 efficiently by SDPNAL+.
Tables 4 and 5 compare SDPNAL+, ADMM+, SDPAD and 2EBD on a collection of
SDP+ and SDP problems using the tolerance ε = 10−6. We terminate ADMM+, SDPAD,
2EBD after 25000 iterations or 99 hours. As can be seen, except for SDPNAL+, the
required accuracy is not achieved for most of the tested QAPs after 25000 iterations for the
solvers ADMM+, SDPAD and 2EBD. For the last three solvers, they typically converge
very slowly when η falls below the range of 10−4–10−5. For R1TA problems, SDPNAL+
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Figure 1: Performance profiles of SDPNAL+, ADMM+, SDPAD and 2EBD on [1, 10]
is significantly faster than the other 3 methods and it seems that only SDPNAL+ can
solve those large scale (n ≥ 2000) problems efficiently.
Figure 1 shows the performance profiles of SDPNAL+, ADMM+, SDPAD and 2EBD
for the tested problems listed in Tables 4 and 5. We recall that a point (x, y) is in the
performance profile curve of a method if and only if it can be solved exactly (100y)% of
all the tested problems at most x times slower than any other method. It can be seen
that SDPNAL+ outperforms the other 3 methods by a significant margin.
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Table 2: Performance of SDPNAL+ on θ+, FAP, QAP, BIQ and RCP problems
(ε = 10−6)
problem | m | ns;nl it|itsub|itA pobj | dobj ηP | ηD | ηK1 | ηK2 | ηC1 | ηC2 | ηg time
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theta42 | 5986 | 200; 0| 0|179 2.37382082 1 | 2.37382041 1 3.7-14| 9.6-7| 7.8-8| 3.5-8| 3.4-9| 1.6-9| 8.3-8 03
theta6 | 4375 | 300; 0| 0|316 6.29616118 1 | 6.29618686 1 5.9-12| 8.5-7| 1.0-10| 9.6-9| 1.6-7| 2.4-8| -2.0-6 13
theta62 | 13390 | 300; 0| 0|178 2.93779365 1 | 2.93779433 1 1.5-13| 9.5-7| 2.8-8| 1.2-8| 5.1-9| 2.2-9| -1.1-7 08
theta8 | 7905 | 400; 0| 0|316 7.34075146 1 | 7.34078891 1 9.4-14| 9.7-7| 1.6-10| 1.2-8| 1.7-7| 2.1-8| -2.5-6 24
theta82 | 23872 | 400; 0| 0|157 3.40643277 1 | 3.40643435 1 6.5-14| 9.7-7| 2.1-8| 9.8-9| 1.6-8| 4.0-9| -2.3-7 13
theta83 | 39862 | 400; 0| 0|154 2.01671025 1 | 2.01671066 1 4.7-14| 9.5-7| 2.8-8| 8.7-9| 3.3-9| 5.1-10| -1.0-7 14
theta10 | 12470 | 500; 0| 0|354 8.31485880 1 | 8.31490052 1 4.1-14| 8.5-7| 2.2-10| 6.5-9| 1.7-7| 2.5-8| -2.5-6 46
theta102 | 37467 | 500; 0| 0|157 3.80662264 1 | 3.80662724 1 1.1-13| 9.5-7| 8.5-9| 7.0-9| 1.7-8| 9.6-10| -6.0-7 23
theta103 | 62516 | 500; 0| 0|144 2.23774188 1 | 2.23774202 1 1.4-14| 9.2-7| 3.9-8| 1.2-8| 9.5-10| 2.1-10| -3.0-8 22
theta104 | 87245 | 500; 0| 0|169 1.32826073 1 | 1.32826099 1 1.7-14| 9.3-7| 1.5-8| 2.6-9| 2.1-9| 6.9-10| -9.2-8 24
theta12 | 17979 | 600; 0| 0|362 9.20905068 1 | 9.20909180 1 8.7-13| 9.0-7| 0 | 6.1-9| 1.2-7| 1.4-8| -2.2-6 1:15
theta123 | 90020 | 600; 0| 0|156 2.44951466 1 | 2.44951496 1 6.6-14| 9.3-7| 1.3-8| 4.1-9| 1.4-9| 3.8-10| -6.0-8 34
san200-0.7-1 | 5971 | 200; 4| 4|500 3.00000000 1 | 3.00000000 1 4.4-12| 3.5-10| 1.8-12| 0.3-16| 4.0-13| 0.0-16| -2.7-10 07
sanr200-0.7 | 6033 | 200; 0| 0|187 2.36332846 1 | 2.36332912 1 4.7-14| 9.4-7| 4.2-8| 1.7-8| 3.2-9| 4.0-9| -1.4-7 03
c-fat200-1 | 18367 | 200; 0| 0|233 1.19999965 1 | 1.20000137 1 5.0-14| 9.8-7| 7.8-8| 8.9-8| 2.0-8| 4.7-8| -6.9-7 03
hamming-8-4 | 11777 | 256; 0| 0|124 1.59998392 1 | 1.60000146 1 4.4-14| 4.7-7| 0 | 1.3-7| 2.8-7| 9.6-8| -5.3-6 02
hamming-9-8 | 2305 | 512; 11| 11|500 2.24000000 2 | 2.24000020 2 1.1-10| 9.5-7| 1.7-10| 0.0-16| 1.4-11| 0.0-16| -4.4-8 44
hamming-10-2 | 23041 | 1024; 0| 0|657 8.53345652 1 | 8.53332571 1 6.9-12| 8.7-7| 2.1-7| 3.2-8| 2.3-7| 3.5-8| 7.6-6 3:09
hamming-7-5-6 | 1793 | 128; 0| 0|510 3.59994044 1 | 3.60000147 1 2.8-13| 3.6-7| 0 | 0.5-16| 8.7-7| 6.7-7| -8.4-6 04
hamming-8-3-4 | 16129 | 256; 0| 0|232 2.56000182 1 | 2.56000079 1 2.9-14| 7.8-7| 1.3-7| 0 | 4.0-8| 0.0-16| 2.0-7 06
hamming-9-5-6 | 53761 | 512; 0| 0|461 5.86651695 1 | 5.86665968 1 3.3-13| 7.5-7| 0 | 0 | 9.5-7| 2.6-7| -1.2-5 45
brock200-1 | 5067 | 200; 0| 0|182 2.71967143 1 | 2.71967180 1 4.3-14| 9.6-7| 5.1-8| 2.6-8| 3.2-9| 4.6-10| -6.6-8 04
brock200-4 | 6812 | 200; 0| 0|172 2.11210717 1 | 2.11210766 1 1.0-14| 9.2-7| 5.9-8| 2.3-8| 4.8-9| 1.0-9| -1.1-7 04
brock400-1 | 20078 | 400; 0| 0|171 3.93308191 1 | 3.93309468 1 1.5-13| 8.9-7| 8.5-10| 8.0-9| 9.0-8| 1.2-8| -1.6-6 14
keller4 | 5101 | 171; 0| 0|317 1.34659036 1 | 1.34659045 1 2.7-14| 9.9-7| 8.0-8| 9.2-8| 2.1-8| 9.6-9| -3.2-8 03
p-hat300-1 | 33918 | 300; 0| 0|649 1.00202098 1 | 1.00202126 1 1.0-13| 9.9-7| 7.6-8| 1.9-8| 8.3-9| 5.5-11| -1.3-7 26
G43 | 9991 | 1000; 21| 21|973 2.79738220 2 | 2.79735897 2 5.3-12| 8.9-7| 1.7-7| 2.7-8| 2.1-7| 1.6-8| 4.1-6 12:32
G44 | 9991 | 1000; 21| 21|942 2.79743352 2 | 2.79746225 2 5.7-12| 9.9-7| 1.2-8| 1.5-8| 2.6-7| 5.0-8| -5.1-6 12:00
G45 | 9991 | 1000; 21| 21|888 2.79313957 2 | 2.79317590 2 3.6-12| 9.8-7| 6.0-8| 3.9-8| 3.3-7| 1.1-7| -6.5-6 11:43
G46 | 9991 | 1000; 21| 21|887 2.79026490 2 | 2.79032512 2 3.6-12| 9.7-7| 5.8-8| 4.8-8| 5.6-7| 1.4-7| -1.1-5 11:35
G47 | 9991 | 1000; 21| 21|1042 2.80888870 2 | 2.80891901 2 9.7-12| 9.4-7| 7.2-10| 1.5-8| 2.7-7| 2.4-8| -5.4-6 13:10
G51 | 5910 | 1000; 1| 2|5672 3.49000718 2 | 3.49000007 2 8.6-10| 9.9-7| 4.5-7| 4.9-7| 4.2-8| 1.8-8| 1.0-6 1:15:12
G52 | 5917 | 1000; 5| 5|10840 3.48386577 2 | 3.48386413 2 3.4-9| 9.9-7| 3.9-7| 2.3-7| 1.5-8| 2.3-8| 2.4-7 2:21:46
G53 | 5915 | 1000; 4| 4|13260 3.48213570 2 | 3.48211536 2 3.3-9| 9.9-7| 5.0-7| 3.0-7| 1.2-7| 4.9-8| 2.9-6 2:48:21
G54 | 5917 | 1000; 8| 8|4278 3.40999655 2 | 3.41000193 2 4.0-10| 9.9-7| 1.3-7| 1.3-7| 2.0-8| 9.3-9| -7.9-7 51:18
1dc.128 | 1472 | 128; 28| 31|1575 1.66783072 1 | 1.66783019 1 1.6-12| 8.7-7| 3.7-7| 9.9-7| 1.5-8| 5.2-8| 1.6-7 13
1et.128 | 673 | 128; 0| 0|313 2.92310544 1 | 2.92308952 1 7.3-14| 9.6-7| 2.2-7| 4.4-8| 2.8-7| 8.5-9| 2.7-6 02
1tc.128 | 513 | 128; 4| 4|700 3.79999993 1 | 3.79999772 1 8.9-9| 7.6-7| 2.2-10| 0.5-16| 3.7-11| 0.0-16| 2.9-7 04
1zc.128 | 1121 | 128; 0| 0|164 2.06664801 1 | 2.06666822 1 1.9-13| 9.4-7| 0 | 0.3-16| 4.9-7| 2.4-8| -4.8-6 01
1dc.256 | 3840 | 256; 2| 2|1000 2.99999420 1 | 3.00000796 1 9.7-7| 3.1-7| 7.1-16| 4.0-14| 3.3-15| 2.2-15| -2.3-6 25
1et.256 | 1665 | 256; 0| 0|893 5.44649927 1 | 5.44650229 1 2.1-13| 9.9-7| 4.5-8| 2.6-8| 6.7-9| 1.4-8| -2.7-7 23
1tc.256 | 1313 | 256; 0| 0|1335 6.32404424 1 | 6.32403890 1 2.2-14| 9.9-7| 2.5-7| 2.1-7| 4.4-8| 2.6-8| 4.2-7 38
1zc.256 | 2817 | 256; 0| 0|237 3.73329553 1 | 3.73333227 1 2.0-13| 6.1-7| 0 | 7.4-8| 3.8-7| 4.7-8| -4.9-6 05
1dc.512 | 9728 | 512; 0| 0|2216 5.26951714 1 | 5.26951282 1 1.2-12| 9.9-7| 1.8-7| 6.8-8| 1.7-8| 2.4-9| 4.1-7 5:05
1et.512 | 4033 | 512; 0| 0|990 1.03549245 2 | 1.03549269 2 2.5-12| 9.9-7| 4.0-8| 3.0-8| 9.3-9| 6.6-9| -1.1-7 1:57
1tc.512 | 3265 | 512; 0| 0|2494 1.12534091 2 | 1.12533878 2 5.4-12| 9.9-7| 3.2-7| 2.9-7| 4.7-8| 5.6-9| 9.4-7 4:57
2dc.512 | 54896 | 512; 0| 0|2956 1.13836346 1 | 1.13834332 1 9.3-13| 9.9-7| 3.7-7| 5.0-7| 1.1-7| 6.2-8| 8.5-6 5:34
1zc.512 | 6913 | 512; 0| 0|490 6.80006603 1 | 6.80000099 1 3.9-13| 8.5-7| 2.2-7| 4.0-8| 2.4-7| 3.6-8| 4.7-6 53
1dc.1024 | 24064 | 1024; 0| 0|2620 9.55514182 1 | 9.55511660 1 3.2-13| 9.9-7| 2.8-7| 6.4-8| 3.9-8| 4.0-9| 1.3-6 31:46
1et.1024 | 9601 | 1024; 0| 0|1144 1.82071997 2 | 1.82071515 2 3.1-12| 9.9-7| 2.5-7| 3.5-8| 4.5-8| 2.2-9| 1.3-6 12:43
1tc.1024 | 7937 | 1024; 0| 0|2732 2.04205928 2 | 2.04204076 2 7.4-13| 9.9-7| 6.3-7| 5.1-7| 1.5-7| 2.9-8| 4.5-6 31:34
1zc.1024 | 16641 | 1024; 0| 0|711 1.28001293 2 | 1.27999917 2 3.9-12| 7.7-7| 1.6-7| 2.0-8| 1.8-7| 1.7-8| 5.4-6 7:12
2dc.1024 | 169163 | 1024; 0| 0|4135 1.77104688 1 | 1.77099903 1 4.6-13| 6.5-7| 6.2-7| 9.9-7| 1.6-7| 1.7-7| 1.3-5 44:55
1dc.2048 | 58368 | 2048; 0| 0|4153 1.74258920 2 | 1.74257466 2 1.1-11| 9.9-7| 3.7-7| 2.9-7| 9.5-8| 1.2-8| 4.2-6 5:50:06
1et.2048 | 22529 | 2048; 0| 0|3039 3.38165943 2 | 3.38165218 2 1.2-11| 9.9-7| 1.8-7| 1.7-7| 2.7-8| 8.6-9| 1.1-6 4:01:54
1tc.2048 | 18945 | 2048; 0| 0|2876 3.70489820 2 | 3.70488730 2 1.4-11| 9.9-7| 2.8-7| 1.8-7| 3.9-8| 2.2-9| 1.5-6 3:50:43
2dc.2048 | 504452 | 2048; 0| 0|2997 2.87872690 1 | 2.87867849 1 1.9-12| 9.9-7| 2.9-7| 6.1-7| 7.3-8| 7.0-8| 8.3-6 3:54:58
22
Table 2: Performance of SDPNAL+ on θ+, FAP, QAP, BIQ and RCP problems
(ε = 10−6)
problem | m | ns;nl it|itsub|itA pobj | dobj ηP | ηD | ηK1 | ηK2 | ηC1 | ηC2 | ηg time
fap08 | 120 | 120; 1| 1|368 2.43627555 0 | 2.43628529 0 3.2-14| 7.5-7| 7.5-9| 9.8-7| 2.3-8| 1.7-7| -1.7-6 03
fap09 | 174 | 174; 1| 1|426 1.07978262 1 | 1.07977997 1 2.0-14| 4.0-7| 5.5-9| 9.8-7| 1.9-8| 7.0-7| 1.2-6 05
fap10 | 183 | 183; 3| 3|993 9.70259108-3 | 9.72839625-3 4.0-15| 8.8-7| 1.7-7| 8.4-7| 3.6-8| 4.4-7| -2.5-5 18
fap11 | 252 | 252; 5| 5|1180 2.97984952-2 | 2.98707469-2 8.1-12| 9.6-7| 4.9-7| 4.5-15| 2.4-7| 6.5-15| -6.8-5 39
fap12 | 369 | 369; 15| 15|1768 2.73312482-1 | 2.73415267-1 9.4-14| 9.9-7| 2.6-8| 6.0-7| 7.0-9| 4.6-7| -6.6-5 1:56
fap25 | 2118 | 2118; 11| 11|2268 1.28781491 1 | 1.28803442 1 2.2-7| 9.1-7| 0.8-15| 4.5-7| 4.7-16| 9.2-7| -8.2-5 3:58:21
fap36 | 4110 | 4110; 4| 4|2033 6.98573185 1 | 6.98607976 1 8.4-10| 9.5-7| 8.5-7| 7.0-15| 2.3-8| 1.1-13| -2.5-5 23:07:56
bur26a | 1051 | 676; 137|222|10228 5.42644954 6 | 5.42664508 6 7.6-11| 9.9-7| 2.6-7| 7.9-7| 5.1-7| 2.5-9| -1.8-5 1:48:05
bur26b | 1051 | 676; 100|208|8605 3.81748294 6 | 3.81761983 6 5.3-11| 9.9-7| 3.8-7| 2.5-7| 8.2-7| 2.2-9| -1.8-5 1:32:52
bur26c | 1051 | 676; 247|441|21498 5.42685366 6 | 5.42707215 6 5.3-11| 9.9-7| 1.6-7| 7.5-7| 2.5-7| 2.0-9| -2.0-5 2:03:12
bur26d | 1051 | 676; 173|306|13287 3.82088460 6 | 3.82098028 6 1.5-10| 9.9-7| 9.4-8| 8.0-7| 2.8-7| 3.5-10| -1.3-5 1:59:20
bur26e | 1051 | 676; 129|361|14705 5.38699884 6 | 5.38711462 6 2.3-10| 8.8-7| 1.1-7| 9.4-7| 1.4-8| 2.5-8| -1.1-5 1:18:35
bur26f | 1051 | 676; 107|248|11272 3.78211965 6 | 3.78219580 6 2.1-15| 9.9-7| 4.1-7| 2.7-7| 3.8-11| 4.1-9| -1.0-5 1:45:13
bur26g | 1051 | 676; 250|392|10817 1.01172603 7 | 1.01177521 7 2.3-11| 9.9-7| 5.0-7| 5.6-7| 2.3-9| 4.2-9| -2.4-5 1:32:44
bur26h | 1051 | 676; 146|360|10658 7.09871739 6 | 7.09844876 6 1.5-10| 9.5-7| 7.4-7| 9.9-7| 2.4-9| 4.7-9| 1.9-5 1:25:45
chr12a | 232 | 144; 185|246|1150 9.55200000 3 | 9.55199999 3 4.4-7| 4.8-11| 3.1-7| 7.3-14| 3.3-8| 7.9-15| 5.7-10 25
chr12b | 232 | 144; 141|150|1333 9.74201174 3 | 9.74199999 3 9.3-7| 4.5-10| 6.5-7| 3.1-14| 5.0-8| 2.0-15| 6.0-7 19
chr12c | 232 | 144; 70|213|5547 1.11575925 4 | 1.11555865 4 1.4-11| 3.9-7| 8.4-9| 2.2-7| 9.8-8| 5.9-7| 9.0-5 1:10
chr15a | 358 | 225; 215|394|14122 9.89815971 3 | 9.89192452 3 1.5-10| 6.9-7| 6.5-9| 1.6-7| 6.2-8| 4.5-7| 3.2-4 7:08
chr15b | 358 | 225; 34| 92|2611 7.99225745 3 | 7.99463251 3 8.9-12| 7.4-7| 2.9-9| 1.1-7| 6.8-8| 4.7-7| -1.5-4 58
chr15c | 358 | 225; 26| 67|2020 9.50400001 3 | 9.50389525 3 2.1-9| 4.2-7| 7.8-16| 1.7-16| 2.7-16| 0.0-16| 5.5-6 46
chr18a | 511 | 324; 356|519|13265 1.11038092 4 | 1.10932891 4 2.0-10| 4.9-7| 1.0-8| 1.7-7| 1.1-7| 7.9-7| 4.7-4 12:50
chr18b | 511 | 324; 34| 61|1658 1.53398244 3 | 1.53401148 3 7.9-12| 9.8-7| 1.3-7| 9.9-7| 2.3-9| 2.5-7| -9.5-6 1:55
chr20a | 628 | 400; 241|445|10389 2.19239004 3 | 2.19072617 3 2.4-10| 8.7-7| 9.7-8| 2.1-7| 4.6-8| 4.0-7| 3.8-4 18:17
chr20b | 628 | 400; 68|165|3940 2.29800000 3 | 2.29800941 3 7.1-10| 6.8-9| 5.2-10| 0.7-16| 4.4-11| 0.0-16| -2.0-6 9:02
chr20c | 628 | 400; 386|764|10040 1.41446523 4 | 1.41476127 4 9.6-8| 8.1-7| 5.4-8| 7.1-16| 9.7-10| 0.0-16| -1.0-4 13:12
chr22a | 757 | 484; 104|250|6940 6.15599997 3 | 6.15591877 3 7.8-9| 3.5-7| 2.6-10| 0.2-16| 3.5-11| 0.0-16| 6.6-6 22:57
chr22b | 757 | 484; 89|189|5620 6.19399919 3 | 6.19397816 3 2.0-7| 3.1-7| 1.6-7| 1.9-16| 6.3-10| 0.0-16| 1.7-6 12:46
chr25a | 973 | 625; 53|200|5151 3.79659302 3 | 3.79236524 3 2.5-11| 8.6-7| 6.5-8| 3.7-8| 4.2-8| 2.0-7| 5.6-4 21:04
els19 | 568 | 361; 40|128|5188 1.72151242 7 | 1.72123317 7 1.3-13| 9.9-7| 8.7-8| 7.7-8| 4.1-9| 9.2-9| 8.1-5 7:01
esc16a | 406 | 256; 54| 83|1895 6.32769286 1 | 6.32822495 1 1.6-11| 9.9-7| 5.5-7| 7.3-7| 1.7-7| 7.2-7| -4.2-5 1:16
esc16b | 406 | 256; 69|382|5102 2.89956161 2 | 2.89979880 2 2.7-16| 8.4-7| 2.2-7| 7.4-7| 8.0-8| 9.9-7| -4.1-5 3:29
esc16c | 406 | 256; 289|1044|9190 1.53973627 2 | 1.53987010 2 4.4-11| 9.9-7| 2.2-7| 5.3-7| 2.6-8| 2.3-8| -4.3-5 9:46
esc16d | 406 | 256; 0| 0|298 1.29998576 1 | 1.30000078 1 5.9-13| 9.6-7| 2.9-8| 5.3-7| 7.2-9| 2.3-7| -5.6-6 08
esc16e | 406 | 256; 0| 0|342 2.63364763 1 | 2.63368158 1 4.9-13| 9.9-7| 1.6-7| 1.6-7| 2.0-7| 1.2-7| -6.3-6 08
esc16g | 406 | 256; 0| 0|447 2.47403234 1 | 2.47403141 1 5.8-13| 9.8-7| 2.6-8| 2.3-7| 2.1-9| 1.9-8| 1.8-7 11
esc16h | 406 | 256; 41| 57|1373 9.76183140 2 | 9.76209281 2 2.8-12| 9.8-7| 1.9-7| 9.6-7| 2.0-7| 4.4-7| -1.3-5 44
esc16i | 406 | 256; 17| 17|864 1.13750212 1 | 1.13749182 1 5.5-13| 6.5-7| 4.2-7| 9.9-7| 1.9-8| 1.6-7| 4.3-6 24
esc16j | 406 | 256; 0| 0|451 7.79368279 0 | 7.79425037 0 3.2-13| 9.6-7| 6.5-7| 3.5-7| 7.3-7| 2.1-7| -3.4-5 12
esc32a | 1582 | 1024; 46| 78|1664 1.03320457 2 | 1.03320681 2 3.3-13| 9.5-7| 9.9-7| 8.1-7| 6.6-9| 7.5-9| -1.1-6 32:32
esc32b | 1582 | 1024; 52|100|2196 1.31863123 2 | 1.31876533 2 7.2-12| 9.8-7| 3.7-7| 9.6-7| 6.7-8| 9.3-7| -5.1-5 45:50
esc32c | 1582 | 1024; 46|139|3562 6.15172917 2 | 6.15177999 2 3.0-7| 9.7-7| 8.6-13| 3.2-7| 3.3-13| 1.4-7| -4.1-6 1:06:19
esc32d | 1582 | 1024; 0| 0|678 1.90223554 2 | 1.90227139 2 3.5-12| 9.9-7| 2.2-7| 2.7-7| 3.1-7| 2.3-7| -9.4-6 9:40
esc32e | 1582 | 1024; 40| 47|1248 1.90001450 0 | 1.89997253 0 1.6-8| 9.9-7| 1.3-15| 1.4-8| 1.8-16| 6.4-9| 8.7-6 22:00
esc32f | 1582 | 1024; 40| 47|1248 1.90001450 0 | 1.89997253 0 1.6-8| 9.9-7| 1.3-15| 1.4-8| 1.8-16| 6.4-9| 8.7-6 21:31
esc32g | 1582 | 1024; 0| 0|520 5.83333959 0 | 5.83331567 0 2.5-13| 9.3-7| 9.7-9| 8.0-8| 2.1-10| 4.4-9| 1.9-6 7:17
esc32h | 1582 | 1024; 97|236|4959 4.24337455 2 | 4.24374966 2 2.1-11| 9.9-7| 3.1-7| 7.9-7| 6.7-8| 7.6-7| -4.4-5 1:42:34
had12 | 232 | 144; 21| 71|2037 1.65198255 3 | 1.65201286 3 2.6-12| 8.4-7| 2.5-7| 3.2-7| 2.1-7| 7.3-8| -9.2-6 30
had14 | 313 | 196; 38| 97|3878 2.72395484 3 | 2.72400204 3 1.3-11| 7.4-7| 1.4-7| 9.9-7| 2.7-7| 4.9-9| -8.7-6 1:44
had16 | 406 | 256; 66|168|4900 3.72000134 3 | 3.71999993 3 3.2-7| 4.2-7| 2.0-7| 5.6-16| 3.2-8| 0.1-16| 1.9-7 3:31
had18 | 511 | 324; 227|312|11708 5.35783779 3 | 5.35808141 3 8.5-11| 9.9-7| 5.4-8| 7.6-7| 2.0-7| 3.9-8| -2.3-5 16:16
had20 | 628 | 400; 93|197|7004 6.92185231 3 | 6.92209285 3 2.3-11| 9.9-7| 8.9-8| 7.2-7| 2.8-7| 9.4-9| -1.7-5 18:14
kra30a | 1393 | 900; 49| 72|3208 8.68155154 4 | 8.68268686 4 1.2-10| 7.5-7| 1.2-7| 9.9-7| 3.4-7| 1.9-7| -6.5-5 52:13
kra30b | 1393 | 900; 81|101|3080 8.78355000 4 | 8.78468655 4 7.1-11| 7.0-7| 1.4-7| 9.9-7| 3.7-7| 1.7-7| -6.5-5 55:48
kra32 | 1582 | 1024; 67| 83|2946 8.57529179 4 | 8.57648412 4 1.3-11| 8.4-7| 1.4-7| 9.9-7| 3.5-7| 9.3-7| -7.0-5 1:07:22
lipa20a | 628 | 400; 19| 30|1300 3.68299997 3 | 3.68301015 3 8.5-9| 1.0-7| 0.9-15| 0.6-16| 2.4-16| 0.0-16| -1.4-6 1:35
lipa20b | 628 | 400; 4| 14|700 2.70760000 4 | 2.70760105 4 9.1-10| 4.3-8| 6.2-16| 2.0-16| 0.0-16| 0.0-16| -1.9-7 1:13
lipa30a | 1393 | 900; 443|1216|1300 1.31780000 4 | 1.31780000 4 4.4-8| 1.0-7| 1.0-8| 1.9-16| 2.5-13| 0.0-16| -4.3-10 47:33
lipa30b | 1393 | 900; 4| 9|820 1.51426000 5 | 1.51426111 5 2.3-9| 8.2-9| 3.3-14| 4.7-16| 4.1-14| 0.1-16| -3.7-7 11:08
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Table 2: Performance of SDPNAL+ on θ+, FAP, QAP, BIQ and RCP problems
(ε = 10−6)
problem | m | ns;nl it|itsub|itA pobj | dobj ηP | ηD | ηK1 | ηK2 | ηC1 | ηC2 | ηg time
lipa40a | 2458 | 1600; 153|546|3732 3.15379935 4 | 3.15379159 4 5.5-7| 1.2-7| 7.7-8| 1.4-16| 5.6-10| 0.0-16| 1.2-6 3:01:05
lipa40b | 2458 | 1600; 5| 18|991 4.76581311 5 | 4.76581129 5 4.2-7| 1.5-7| 3.3-7| 5.2-16| 3.7-9| 0.0-16| 1.9-7 1:02:59
nug12 | 232 | 144; 38| 44|1788 5.67842214 2 | 5.67916428 2 8.8-7| 3.4-7| 2.2-14| 9.2-7| 9.4-15| 2.4-8| -6.5-5 29
nug14 | 313 | 196; 44| 99|3776 1.01001317 3 | 1.01007277 3 8.6-11| 9.9-7| 8.8-8| 9.9-7| 2.5-7| 1.3-7| -2.9-5 1:44
nug15 | 358 | 225; 36| 69|2588 1.14044341 3 | 1.14050457 3 4.6-11| 9.9-7| 8.1-8| 9.9-7| 1.9-7| 1.1-7| -2.7-5 1:33
nug16a | 406 | 256; 61|128|4637 1.59916969 3 | 1.59924515 3 3.6-11| 9.9-7| 3.8-8| 9.9-7| 1.1-7| 1.5-7| -2.4-5 3:57
nug16b | 406 | 256; 37| 50|2018 1.21799012 3 | 1.21812797 3 1.1-11| 8.3-7| 2.7-7| 9.9-7| 7.8-7| 1.5-7| -5.7-5 1:25
nug17 | 457 | 289; 46| 74|2936 1.70695251 3 | 1.70703814 3 6.3-11| 9.7-7| 8.3-8| 9.9-7| 1.6-7| 1.4-7| -2.5-5 2:59
nug18 | 511 | 324; 48| 69|2592 1.89335861 3 | 1.89345444 3 4.5-11| 8.4-7| 8.4-8| 9.9-7| 2.0-7| 1.2-7| -2.5-5 3:21
nug20 | 628 | 400; 37| 53|2120 2.50597610 3 | 2.50616865 3 3.7-11| 8.7-7| 2.0-7| 9.9-7| 5.6-7| 1.1-7| -3.8-5 4:02
nug21 | 691 | 441; 50| 88|3190 2.38177341 3 | 2.38186274 3 7.4-11| 8.6-7| 4.4-8| 9.9-7| 8.5-8| 1.2-7| -1.9-5 9:15
nug22 | 757 | 484; 92|119|3840 3.52813269 3 | 3.52842541 3 2.3-11| 9.3-7| 1.5-7| 9.9-7| 3.9-7| 1.7-7| -4.1-5 14:16
nug24 | 898 | 576; 43| 66|2359 3.40071083 3 | 3.40090464 3 1.0-10| 9.6-7| 1.1-7| 9.9-7| 2.6-7| 2.5-7| -2.8-5 14:12
nug25 | 973 | 625; 48| 76|2708 3.62566278 3 | 3.62577908 3 9.7-11| 7.9-7| 6.0-8| 9.9-7| 1.1-7| 7.2-8| -1.6-5 19:25
nug27 | 1132 | 729; 49| 86|3300 5.12924842 3 | 5.12946060 3 1.5-10| 9.0-7| 6.2-8| 9.9-7| 1.2-7| 3.2-7| -2.1-5 36:53
nug28 | 1216 | 784; 50| 77|3190 5.02532199 3 | 5.02552528 3 1.6-10| 8.7-7| 7.2-8| 9.9-7| 1.3-7| 4.4-7| -2.0-5 40:26
nug30 | 1393 | 900; 44| 68|2463 5.94890136 3 | 5.94920345 3 3.8-11| 9.9-7| 1.3-7| 9.6-7| 3.3-7| 1.1-7| -2.5-5 45:02
rou12 | 232 | 144; 117|152|4455 2.35528884 5 | 2.35523034 5 8.0-11| 8.8-7| 9.1-8| 1.9-7| 2.8-8| 9.1-8| 1.2-5 1:04
rou15 | 358 | 225; 58| 69|2342 3.50177782 5 | 3.50197901 5 2.0-11| 8.2-7| 1.3-7| 9.9-7| 2.7-7| 2.2-7| -2.9-5 1:26
rou20 | 628 | 400; 40| 41|1640 6.95061534 5 | 6.95121474 5 8.3-7| 5.8-7| 2.9-14| 8.3-7| 1.2-14| 3.6-10| -4.3-5 3:26
scr12 | 232 | 144; 18| 22|1000 3.14099924 4 | 3.14099989 4 1.7-13| 7.3-7| 3.9-7| 3.9-7| 4.0-9| 1.0-8| -1.0-7 09
scr15 | 358 | 225; 21| 35|1060 5.11400014 4 | 5.11401398 4 3.6-7| 2.1-7| 4.8-7| 0.7-16| 4.7-10| 0.0-16| -1.4-6 33
scr20 | 628 | 400; 47| 78|3398 1.06790642 5 | 1.06798582 5 3.7-11| 9.7-7| 5.9-8| 9.9-7| 5.6-8| 5.2-7| -3.7-5 7:08
ste36a | 1996 | 1296; 122|189|7344 9.25661751 3 | 9.25811948 3 4.3-11| 9.9-7| 1.6-7| 9.9-7| 3.9-7| 6.8-8| -8.1-5 6:29:21
ste36b | 1996 | 1296; 173|242|11851 1.56582438 4 | 1.56653460 4 1.5-10| 9.9-7| 1.8-7| 9.9-7| 5.4-7| 4.2-8| -2.3-4 9:45:58
ste36c | 1996 | 1296; 143|202|10008 8.13267040 6 | 8.13407147 6 4.6-11| 9.9-7| 1.8-7| 9.5-7| 4.8-7| 3.8-9| -8.6-5 8:06:50
tai12a | 232 | 144; 16| 29|1120 2.24416000 5 | 2.24415915 5 3.1-9| 3.0-8| 0.8-15| 0.3-16| 5.8-16| 0.0-16| 1.9-7 10
tai12b | 232 | 144; 112|215|2709 3.94723293 7 | 3.94695056 7 9.5-10| 7.3-7| 1.8-7| 6.6-7| 8.4-7| 6.8-7| 3.6-5 41
tai15a | 358 | 225; 47| 50|1871 3.77038609 5 | 3.77069943 5 1.4-11| 7.1-7| 3.4-7| 9.9-7| 8.4-7| 2.9-7| -4.2-5 1:04
tai15b | 358 | 225; 114|233|6762 5.18224460 7 | 5.18401454 7 2.4-11| 9.9-7| 1.2-7| 9.9-7| 3.3-9| 2.2-9| -1.7-4 3:01
tai17a | 457 | 289; 44| 46|1756 4.76452581 5 | 4.76489250 5 2.2-11| 5.1-7| 3.1-7| 9.9-7| 7.5-7| 3.6-7| -3.8-5 1:41
tai20a | 628 | 400; 45| 47|1748 6.71594792 5 | 6.71635456 5 2.3-11| 6.5-7| 2.6-7| 9.9-7| 5.5-7| 2.0-7| -3.0-5 3:36
tai20b | 628 | 400; 171|484|7416 1.22460942 8 | 1.22403315 8 2.5-10| 9.5-7| 1.4-7| 9.4-7| 6.9-8| 6.9-8| 2.4-4 9:22
tai25a | 973 | 625; 33| 42|2630 1.11336476 6 | 1.11525360 6 8.5-12| 9.9-7| 5.1-8| 9.4-7| 3.0-9| 2.7-9| -8.5-4 14:52
tai25b | 973 | 625; 296|344|18325 3.37687430 8 | 3.37871783 8 1.7-10| 9.9-7| 1.7-7| 9.9-7| 9.4-7| 5.1-8| -2.7-4 1:18:04
tai30a | 1393 | 900; 39| 39|1614 1.70671520 6 | 1.70679434 6 2.8-11| 7.4-7| 3.4-7| 9.9-7| 6.5-7| 2.2-7| -2.3-5 29:11
tai30b | 1393 | 900; 236|342|16584 5.98852630 8 | 5.99068570 8 9.0-7| 9.9-7| 6.9-14| 8.5-7| 6.1-15| 2.3-9| -1.8-4 2:52:00
tai35a | 1888 | 1225; 38| 38|3467 2.21649346 6 | 2.21657164 6 4.8-11| 6.6-7| 2.9-7| 9.9-7| 5.1-7| 2.4-7| -1.8-5 1:56:18
tai35b | 1888 | 1225; 142|214|10915 2.69644456 8 | 2.69710521 8 2.6-10| 9.9-7| 1.7-7| 9.8-7| 7.7-7| 6.7-8| -1.2-4 8:01:01
tai40a | 2458 | 1600; 33| 33|3395 2.84310602 6 | 2.84321095 6 7.6-11| 3.5-7| 2.8-7| 9.9-7| 6.0-7| 2.0-7| -1.8-5 3:56:34
tai40b | 2458 | 1600; 101|146|7124 6.09005347 8 | 6.09143489 8 5.6-10| 9.9-7| 2.5-7| 9.9-7| 9.9-7| 2.4-8| -1.1-4 10:55:44
tho30 | 1393 | 900; 44| 74|2925 1.43549788 5 | 1.43563445 5 6.3-11| 9.9-7| 1.8-7| 9.9-7| 5.1-7| 6.9-8| -4.8-5 1:03:01
tho40 | 2458 | 1600; 24| 51|3998 2.26485088 5 | 2.26503953 5 2.0-10| 9.9-7| 2.0-7| 9.9-7| 5.2-7| 2.7-8| -4.2-5 5:08:15
be100.1 | 101 | 101; 14| 14|1551 -2.00213242 4 |-2.00212896 4 1.7-7| 9.5-7| 3.9-7| 0.4-16| 1.4-7| 1.4-16| -8.6-7 07
be100.2 | 101 | 101; 0| 0|1666 -1.79887190 4 |-1.79887523 4 5.8-12| 5.6-7| 3.3-8| 1.5-7| 9.6-7| 2.7-7| 9.3-7 07
be100.3 | 101 | 101; 17| 17|1800 -1.82310505 4 |-1.82310492 4 9.2-8| 9.6-7| 3.1-7| 0.1-16| 8.0-8| 0.8-16| -3.6-8 08
be100.4 | 101 | 101; 53| 53|1308 -1.98417957 4 |-1.98417700 4 6.6-8| 9.7-7| 2.1-7| 0.1-16| 2.2-8| 2.0-16| -6.5-7 07
be100.5 | 101 | 101; 35| 35|1226 -1.68887012 4 |-1.68886853 4 1.7-8| 9.9-7| 9.0-8| 0.0-16| 2.2-8| 0.1-16| -4.7-7 07
be100.6 | 101 | 101; 41| 41|1580 -1.81482194 4 |-1.81481977 4 4.0-12| 9.9-7| 3.0-8| 2.8-8| 9.1-8| 1.4-7| -6.0-7 08
be100.7 | 101 | 101; 36| 36|1267 -1.97008496 4 |-1.97008398 4 1.0-7| 9.9-7| 4.4-7| 0.2-16| 1.4-7| 1.0-16| -2.5-7 06
be100.8 | 101 | 101; 18| 18|1347 -1.99463487 4 |-1.99463513 4 9.8-7| 5.3-7| 1.0-15| 2.0-8| 4.3-14| 1.1-7| 6.5-8 06
be100.9 | 101 | 101; 15| 16|1194 -1.42633657 4 |-1.42633763 4 2.2-7| 9.6-7| 7.7-7| 0.5-16| 1.9-7| 4.3-16| 3.7-7 06
be100.10 | 101 | 101; 21| 21|994 -1.64085243 4 |-1.64085076 4 5.2-12| 8.7-7| 7.1-8| 1.1-7| 9.7-7| 5.4-7| -5.1-7 05
be120.3.1 | 121 | 121; 95| 99|1550 -1.38035586 4 |-1.38035760 4 3.6-8| 9.8-7| 1.4-7| 0.1-16| 5.1-8| 0.4-16| 6.3-7 13
be120.3.2 | 121 | 121; 84| 87|1791 -1.36266293 4 |-1.36266545 4 2.4-8| 9.9-7| 4.3-8| 0.1-16| 2.5-8| 0.8-16| 9.2-7 14
be120.3.3 | 121 | 121; 56| 60|1482 -1.29879012 4 |-1.29879263 4 3.0-12| 9.9-7| 3.6-8| 4.7-8| 4.4-7| 7.3-8| 9.6-7 10
be120.3.4 | 121 | 121; 16| 16|1753 -1.45112484 4 |-1.45112258 4 1.0-11| 9.9-7| 2.9-8| 2.5-8| 3.4-7| 1.8-7| -7.8-7 10
be120.3.5 | 121 | 121; 101|102|1396 -1.19919090 4 |-1.19919206 4 3.4-8| 9.4-7| 2.2-7| 0.0-16| 4.2-8| 0.2-16| 4.8-7 12
be120.3.6 | 121 | 121; 73| 76|1486 -1.34320616 4 |-1.34320589 4 1.5-7| 9.9-7| 7.7-7| 0.1-16| 2.4-9| 1.3-16| -1.0-7 12
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Table 2: Performance of SDPNAL+ on θ+, FAP, QAP, BIQ and RCP problems
(ε = 10−6)
problem | m | ns;nl it|itsub|itA pobj | dobj ηP | ηD | ηK1 | ηK2 | ηC1 | ηC2 | ηg time
be120.3.7 | 121 | 121; 164|175|2473 -1.45641132 4 |-1.45641196 4 3.9-8| 9.8-7| 1.6-7| 0.0-16| 9.9-8| 0.6-16| 2.2-7 20
be120.3.8 | 121 | 121; 166|175|2295 -1.53030214 4 |-1.53030321 4 1.8-12| 9.9-7| 1.4-8| 3.5-8| 1.3-7| 2.6-7| 3.5-7 18
be120.3.9 | 121 | 121; 136|136|1279 -1.12413207 4 |-1.12413165 4 7.0-8| 9.4-7| 5.3-7| 0.0-16| 1.9-7| 1.0-16| -1.9-7 13
be120.3.10 | 121 | 121; 38| 38|1376 -1.29308724 4 |-1.29308274 4 9.9-7| 9.4-7| 6.8-16| 5.5-8| 2.7-13| 2.4-7| -1.7-6 09
be120.8.1 | 121 | 121; 47| 49|1386 -2.01939343 4 |-2.01939614 4 9.9-7| 9.2-7| 6.2-16| 3.7-8| 7.7-15| 2.2-7| 6.7-7 08
be120.8.2 | 121 | 121; 117|117|1764 -2.00741308 4 |-2.00741639 4 2.4-8| 9.9-7| 2.0-7| 0.1-16| 5.0-8| 0.1-16| 8.3-7 14
be120.8.3 | 121 | 121; 53| 53|1259 -2.05059039 4 |-2.05058872 4 1.4-7| 9.9-7| 5.8-7| 0.3-16| 1.2-7| 0.2-16| -4.1-7 09
be120.8.4 | 121 | 121; 61| 63|1623 -2.17797975 4 |-2.17798337 4 6.2-8| 9.8-7| 1.7-7| 0.1-16| 7.9-9| 0.3-16| 8.3-7 11
be120.8.5 | 121 | 121; 23| 23|1855 -2.13162780 4 |-2.13162746 4 1.8-12| 9.8-7| 2.7-8| 1.8-7| 1.7-7| 6.3-7| -7.9-8 11
be120.8.6 | 121 | 121; 65| 66|1389 -1.96769536 4 |-1.96770039 4 1.6-7| 9.7-7| 4.6-7| 0.2-16| 4.0-8| 1.8-16| 1.3-6 11
be120.8.7 | 121 | 121; 34| 36|1245 -2.37324046 4 |-2.37323567 4 6.2-12| 9.9-7| 2.3-8| 3.6-8| 7.1-7| 2.3-7| -1.0-6 09
be120.8.8 | 121 | 121; 30| 30|1120 -2.12047703 4 |-2.12047557 4 3.6-12| 9.7-7| 7.1-8| 7.2-8| 6.1-7| 9.2-7| -3.5-7 08
be120.8.9 | 121 | 121; 44| 46|1290 -1.92844228 4 |-1.92844391 4 2.9-12| 9.9-7| 3.6-8| 6.0-8| 1.9-7| 4.4-8| 4.2-7 09
be120.8.10 | 121 | 121; 114|114|1458 -2.00240045 4 |-2.00239955 4 1.3-8| 9.9-7| 6.1-8| 0.0-16| 1.2-9| 0.2-16| -2.2-7 13
be150.3.1 | 151 | 151; 64| 71|1660 -1.98491675 4 |-1.98492153 4 3.4-12| 9.9-7| 1.9-8| 3.6-8| 3.3-7| 2.9-7| 1.2-6 17
be150.3.2 | 151 | 151; 74| 83|1878 -1.88648463 4 |-1.88648565 4 4.7-12| 9.9-7| 5.7-9| 1.9-8| 1.8-7| 5.2-8| 2.7-7 20
be150.3.3 | 151 | 151; 58| 64|1562 -1.80437093 4 |-1.80437406 4 4.0-12| 9.9-7| 9.6-9| 6.7-8| 2.2-7| 4.5-7| 8.7-7 17
be150.3.4 | 151 | 151; 48| 49|1632 -2.06526731 4 |-2.06526537 4 4.8-12| 9.9-7| 3.7-8| 4.3-8| 4.2-7| 2.6-8| -4.7-7 17
be150.3.5 | 151 | 151; 66| 76|1696 -1.77686482 4 |-1.77686303 4 1.2-12| 9.9-7| 3.8-8| 2.5-7| 1.5-8| 6.0-7| -5.0-7 18
be150.3.6 | 151 | 151; 64| 70|1663 -1.80506749 4 |-1.80506987 4 5.2-12| 9.6-7| 2.5-8| 9.4-8| 9.9-7| 2.7-7| 6.6-7 17
be150.3.7 | 151 | 151; 63| 66|1691 -1.91012874 4 |-1.91013256 4 7.6-12| 9.4-7| 4.8-8| 5.6-8| 9.8-7| 7.9-8| 9.9-7 18
be150.3.8 | 151 | 151; 106|110|1943 -1.96980589 4 |-1.96980765 4 8.0-8| 9.9-7| 1.6-7| 0.1-16| 1.6-8| 0.1-16| 4.5-7 21
be150.3.9 | 151 | 151; 33| 33|1260 -1.41033725 4 |-1.41033515 4 3.2-7| 9.8-7| 6.5-7| 0.8-16| 1.6-7| 3.8-16| -7.4-7 12
be150.3.10 | 151 | 151; 146|150|2266 -1.92309196 4 |-1.92309315 4 1.7-8| 9.9-7| 5.9-8| 0.0-16| 9.7-9| 0.0-16| 3.1-7 25
be150.8.1 | 151 | 151; 53| 58|1456 -2.91436841 4 |-2.91437136 4 3.5-12| 9.2-7| 5.2-8| 6.9-8| 1.0-7| 7.4-7| 5.1-7 15
be150.8.2 | 151 | 151; 64| 69|1590 -2.88211031 4 |-2.88211307 4 3.0-7| 9.9-7| 8.6-7| 0.6-16| 9.3-8| 3.1-16| 4.8-7 17
be150.8.3 | 151 | 151; 66| 72|1719 -3.10603247 4 |-3.10603343 4 9.9-7| 6.8-7| 0.8-15| 3.3-8| 3.4-13| 1.3-7| 1.6-7 18
be150.8.4 | 151 | 151; 67| 70|1568 -2.87292945 4 |-2.87293303 4 4.1-8| 9.7-7| 3.4-7| 0.1-16| 6.4-9| 0.4-16| 6.2-7 17
be150.8.5 | 151 | 151; 71| 79|1743 -2.94820722 4 |-2.94820763 4 3.3-8| 9.9-7| 8.5-8| 0.1-16| 1.6-8| 0.1-16| 6.9-8 19
be150.8.6 | 151 | 151; 64| 65|1480 -3.14372375 4 |-3.14372641 4 6.1-8| 9.4-7| 1.9-7| 0.1-16| 2.2-8| 0.8-16| 4.2-7 15
be150.8.7 | 151 | 151; 80| 84|1738 -3.32521054 4 |-3.32521757 4 6.8-8| 9.9-7| 3.0-7| 0.1-16| 5.7-8| 0.8-16| 1.1-6 19
be150.8.8 | 151 | 151; 127|134|1946 -3.15999871 4 |-3.16000387 4 1.2-7| 9.9-7| 4.1-7| 0.2-16| 5.8-9| 1.8-16| 8.2-7 23
be150.8.9 | 151 | 151; 112|121|1890 -2.71107196 4 |-2.71107715 4 9.8-8| 9.9-7| 4.0-7| 0.2-16| 8.8-8| 4.4-16| 9.6-7 23
be150.8.10 | 151 | 151; 65| 71|1714 -3.00479452 4 |-3.00480014 4 4.2-12| 9.9-7| 1.7-8| 1.8-7| 9.3-7| 8.2-8| 9.4-7 17
be200.3.1 | 201 | 201; 76| 86|1784 -2.77160638 4 |-2.77161211 4 7.6-12| 9.9-7| 3.9-9| 2.5-8| 4.4-7| 1.1-7| 1.0-6 31
be200.3.2 | 201 | 201; 95|109|1962 -2.67607791 4 |-2.67607958 4 5.7-12| 9.6-7| 4.6-8| 5.8-8| 1.4-7| 7.1-7| 3.1-7 36
be200.3.3 | 201 | 201; 172|181|2565 -2.94786387 4 |-2.94786828 4 1.9-8| 9.9-7| 7.3-8| 0.0-16| 4.4-8| 0.1-16| 7.5-7 49
be200.3.4 | 201 | 201; 101|112|2097 -2.91061996 4 |-2.91062417 4 2.7-12| 9.9-7| 1.5-8| 3.2-8| 1.8-7| 5.1-8| 7.2-7 38
be200.3.5 | 201 | 201; 165|178|2394 -2.80729836 4 |-2.80730179 4 2.2-12| 9.9-7| 1.6-8| 5.3-8| 9.4-8| 4.8-7| 6.1-7 46
be200.3.6 | 201 | 201; 83| 92|1852 -2.79283274 4 |-2.79283530 4 4.5-12| 9.0-7| 2.9-8| 4.2-8| 4.3-7| 1.4-7| 4.6-7 33
be200.3.7 | 201 | 201; 79| 83|2050 -3.16204947 4 |-3.16204613 4 2.6-8| 9.7-7| 7.6-7| 0.5-16| 5.5-8| 1.1-15| -5.3-7 36
be200.3.8 | 201 | 201; 92|102|2068 -2.92442698 4 |-2.92443256 4 4.4-12| 9.8-7| 1.4-8| 4.5-8| 4.3-7| 3.0-7| 9.5-7 37
be200.3.9 | 201 | 201; 201|212|3478 -2.64370469 4 |-2.64370964 4 8.5-13| 9.9-7| 1.5-8| 1.5-8| 4.3-9| 1.9-8| 9.4-7 1:02
be200.3.10 | 201 | 201; 91| 97|1862 -2.57606847 4 |-2.57606978 4 2.9-12| 9.9-7| 9.2-9| 1.1-7| 1.7-7| 5.8-7| 2.5-7 34
be200.8.1 | 201 | 201; 96| 96|2493 -5.08694921 4 |-5.08694305 4 4.1-12| 9.9-7| 7.0-9| 1.7-8| 1.7-8| 1.0-7| -6.1-7 43
be200.8.2 | 201 | 201; 73| 81|1721 -4.43360234 4 |-4.43360625 4 4.6-12| 9.9-7| 4.8-8| 5.4-8| 1.2-7| 7.9-7| 4.4-7 30
be200.8.3 | 201 | 201; 106|119|1993 -4.62539622 4 |-4.62540239 4 2.4-12| 9.9-7| 2.5-8| 9.1-8| 2.6-7| 1.6-7| 6.7-7 37
be200.8.4 | 201 | 201; 78| 89|1752 -4.66211953 4 |-4.66212874 4 5.8-12| 9.9-7| 3.1-8| 6.4-8| 9.7-7| 4.9-7| 9.9-7 33
be200.8.5 | 201 | 201; 91| 99|1956 -4.42712301 4 |-4.42712517 4 1.5-12| 9.9-7| 2.1-8| 4.1-8| 1.1-7| 1.3-7| 2.4-7 37
be200.8.6 | 201 | 201; 70| 71|1900 -5.12188803 4 |-5.12189105 4 5.3-8| 9.8-7| 1.3-7| 0.1-16| 2.8-8| 0.4-16| 2.9-7 33
be200.8.7 | 201 | 201; 93|103|2043 -4.93528243 4 |-4.93529731 4 4.3-12| 9.8-7| 4.1-8| 5.6-8| 5.5-7| 8.0-7| 1.5-6 38
be200.8.8 | 201 | 201; 94|101|1947 -4.76891672 4 |-4.76891887 4 2.2-8| 9.9-7| 6.0-8| 0.1-16| 1.9-9| 0.2-16| 2.3-7 36
be200.8.9 | 201 | 201; 85| 95|1967 -4.54956017 4 |-4.54956404 4 6.9-8| 9.8-7| 1.6-7| 0.2-16| 2.6-8| 0.1-16| 4.3-7 37
be200.8.10 | 201 | 201; 84| 95|1857 -4.57430239 4 |-4.57431501 4 5.3-12| 9.9-7| 3.0-8| 5.6-8| 6.2-7| 1.7-7| 1.4-6 35
be250.1 | 251 | 251; 122|123|2800 -2.51194635 4 |-2.51194398 4 1.1-7| 9.9-7| 1.3-7| 0.2-16| 1.8-8| 4.6-16| -4.7-7 1:13
be250.2 | 251 | 251; 121|121|2842 -2.36814919 4 |-2.36814545 4 1.2-12| 9.9-7| 1.1-8| 2.0-8| 1.5-8| 2.3-8| -7.9-7 1:12
be250.3 | 251 | 251; 84| 89|2200 -2.40000031 4 |-2.39999662 4 1.3-7| 9.9-7| 1.2-7| 0.1-16| 1.2-8| 1.4-16| -7.7-7 59
be250.4 | 251 | 251; 208|209|3850 -2.57203185 4 |-2.57202544 4 9.7-9| 9.9-7| 5.5-8| 0.0-16| 2.0-8| 0.2-16| -1.2-6 1:42
be250.5 | 251 | 251; 115|127|2791 -2.23747084 4 |-2.23746795 4 4.1-12| 9.9-7| 3.1-9| 3.4-8| 8.2-9| 2.9-7| -6.5-7 1:15
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Table 2: Performance of SDPNAL+ on θ+, FAP, QAP, BIQ and RCP problems
(ε = 10−6)
problem | m | ns;nl it|itsub|itA pobj | dobj ηP | ηD | ηK1 | ηK2 | ηC1 | ηC2 | ηg time
be250.6 | 251 | 251; 120|141|2452 -2.40188386 4 |-2.40188614 4 4.2-12| 9.9-7| 1.6-8| 3.4-8| 1.3-7| 8.2-8| 4.7-7 1:08
be250.7 | 251 | 251; 127|141|2664 -2.51189432 4 |-2.51189682 4 8.0-12| 9.9-7| 9.0-9| 4.4-8| 5.7-7| 1.2-7| 5.0-7 1:12
be250.8 | 251 | 251; 99|113|2172 -2.50203920 4 |-2.50204534 4 8.8-12| 9.9-7| 1.8-8| 4.0-8| 2.1-7| 1.1-7| 1.2-6 1:00
be250.9 | 251 | 251; 189|191|3319 -2.13970633 4 |-2.13970185 4 3.2-12| 9.9-7| 1.1-8| 3.9-8| 2.2-7| 1.8-7| -1.0-6 1:32
be250.10 | 251 | 251; 174|189|2695 -2.43550234 4 |-2.43550549 4 1.2-8| 9.9-7| 7.3-8| 0.0-16| 1.8-9| 0.5-16| 6.5-7 1:18
bqp100-1 | 101 | 101; 23| 23|1229 -8.38038788 3 |-8.38038456 3 2.4-7| 9.4-7| 6.4-7| 0.5-16| 1.4-9| 1.5-15| -2.0-7 06
bqp100-2 | 101 | 101; 126|139|1998 -1.14892554 4 |-1.14892770 4 1.1-12| 9.9-7| 1.5-8| 6.7-8| 2.2-7| 1.2-7| 9.4-7 13
bqp100-3 | 101 | 101; 12| 12|1999 -1.31531838 4 |-1.31532196 4 1.3-7| 9.9-7| 6.3-7| 0.1-16| 7.9-8| 1.3-16| 1.4-6 08
bqp100-4 | 101 | 101; 96| 97|1214 -1.07318905 4 |-1.07318888 4 5.6-8| 9.5-7| 4.5-7| 0.1-16| 1.7-7| 0.6-16| -7.9-8 08
bqp100-5 | 101 | 101; 243|250|1819 -9.48702758 3 |-9.48702828 3 1.9-12| 9.9-7| 5.6-8| 8.8-8| 8.7-8| 4.7-7| 3.7-8 15
bqp100-6 | 101 | 101; 23| 23|1363 -1.08247749 4 |-1.08247423 4 9.9-7| 9.9-7| 5.5-16| 2.8-8| 6.8-14| 1.0-7| -1.5-6 06
bqp100-7 | 101 | 101; 49| 55|1342 -1.06891506 4 |-1.06891550 4 5.9-12| 9.9-7| 1.8-8| 2.1-8| 6.2-7| 7.9-9| 2.1-7 07
bqp100-8 | 101 | 101; 67| 67|1717 -1.17699888 4 |-1.17699808 4 9.4-8| 9.6-7| 4.1-7| 0.2-16| 2.1-7| 0.8-16| -3.4-7 11
bqp100-9 | 101 | 101; 37| 37|2206 -1.17332529 4 |-1.17332507 4 1.1-7| 9.7-7| 6.1-7| 0.1-16| 7.0-8| 2.2-16| -9.3-8 10
bqp100-10 | 101 | 101; 72| 73|2208 -1.29802732 4 |-1.29802542 4 4.9-8| 9.9-7| 1.5-7| 0.1-16| 4.5-8| 0.2-16| -7.3-7 12
bqp250-1 | 251 | 251; 153|168|3069 -4.76631049 4 |-4.76632099 4 2.0-12| 9.9-7| 1.2-8| 8.3-9| 1.5-8| 7.2-8| 1.1-6 1:20
bqp250-2 | 251 | 251; 115|134|2410 -4.72223474 4 |-4.72224686 4 3.0-7| 9.6-7| 3.7-8| 0.3-16| 2.1-8| 0.9-16| 1.3-6 1:02
bqp250-3 | 251 | 251; 93|105|2107 -5.10766294 4 |-5.10768402 4 9.9-7| 9.8-7| 1.0-15| 5.4-9| 1.2-12| 3.6-8| 2.1-6 53
bqp250-4 | 251 | 251; 92| 94|2350 -4.33125367 4 |-4.33125237 4 3.3-7| 9.9-7| 3.3-7| 0.8-16| 7.7-9| 1.2-15| -1.5-7 59
bqp250-5 | 251 | 251; 147|166|2580 -5.00043271 4 |-5.00043510 4 1.9-8| 9.9-7| 6.1-8| 0.0-16| 2.0-8| 0.1-16| 2.4-7 1:16
bqp250-6 | 251 | 251; 106|122|2126 -4.36688521 4 |-4.36689896 4 1.3-7| 9.9-7| 2.5-7| 0.2-16| 7.3-8| 2.2-16| 1.6-6 1:03
bqp250-7 | 251 | 251; 114|137|2407 -4.89216690 4 |-4.89218055 4 1.0-11| 7.9-7| 8.4-9| 4.4-8| 9.9-7| 3.7-7| 1.4-6 1:09
bqp250-8 | 251 | 251; 93|113|2008 -3.87795379 4 |-3.87795611 4 6.8-12| 9.5-7| 5.0-8| 6.4-8| 8.8-8| 1.5-7| 3.0-7 57
bqp250-9 | 251 | 251; 96|114|2057 -5.14975005 4 |-5.14975675 4 9.8-12| 9.8-7| 1.7-8| 1.4-7| 9.9-7| 5.2-7| 6.5-7 58
bqp250-10 | 251 | 251; 103|123|2188 -4.30145022 4 |-4.30145573 4 3.1-12| 9.9-7| 6.7-9| 2.1-8| 2.2-9| 4.4-9| 6.4-7 1:01
bqp500-1 | 501 | 501; 138|171|2499 -1.25964032 5 |-1.25964547 5 1.6-11| 9.9-7| 6.5-9| 6.8-9| 9.1-7| 1.6-7| 2.0-6 5:20
bqp500-2 | 501 | 501; 142|194|2390 -1.36011042 5 |-1.36011154 5 6.8-8| 9.9-7| 8.2-8| 0.1-16| 4.8-9| 0.3-16| 4.1-7 5:29
bqp500-3 | 501 | 501; 135|180|2390 -1.38453338 5 |-1.38453549 5 2.0-8| 9.7-7| 3.8-7| 0.5-16| 6.6-8| 2.8-16| 7.6-7 6:31
bqp500-4 | 501 | 501; 128|174|2390 -1.39328333 5 |-1.39328503 5 2.3-7| 9.9-7| 7.1-8| 0.2-16| 2.1-9| 6.0-16| 6.1-7 6:08
bqp500-5 | 501 | 501; 169|206|2910 -1.34092095 5 |-1.34092382 5 4.5-8| 9.9-7| 4.8-8| 0.0-16| 1.0-8| 0.2-16| 1.1-6 7:25
bqp500-6 | 501 | 501; 167|214|2780 -1.30764344 5 |-1.30764464 5 1.1-8| 9.8-7| 1.8-7| 0.3-16| 3.4-9| 2.9-16| 4.6-7 7:30
bqp500-7 | 501 | 501; 157|202|2742 -1.31491374 5 |-1.31491671 5 1.5-11| 9.8-7| 1.1-8| 3.0-8| 3.8-7| 2.5-7| 1.1-6 7:27
bqp500-8 | 501 | 501; 142|184|2520 -1.33489832 5 |-1.33489923 5 1.7-7| 9.9-7| 7.9-8| 0.2-16| 2.1-8| 0.4-16| 3.4-7 6:26
bqp500-9 | 501 | 501; 145|193|2495 -1.30288190 5 |-1.30288591 5 1.5-11| 9.9-7| 1.2-8| 4.5-8| 1.6-7| 2.7-7| 1.5-6 6:37
bqp500-10 | 501 | 501; 138|177|2473 -1.38534303 5 |-1.38534723 5 1.5-11| 9.8-7| 1.1-8| 1.6-8| 4.1-7| 2.4-7| 1.5-6 6:36
gka8a | 101 | 101; 0| 0|4267 -1.11972022 4 |-1.11971737 4 9.8-7| 7.6-7| 0.8-15| 3.0-9| 2.9-13| 2.6-8| -1.3-6 15
gka9b | 101 | 101; 3| 7|1047 -1.37000000 2 |-1.37000053 2 6.4-10| 2.5-9| 1.1-10| 6.3-16| 1.8-11| 2.1-16| 1.9-7 04
gka10b | 126 | 126; 1| 1|1315 -1.55571891 2 |-1.55567299 2 1.2-12| 5.1-7| 1.2-7| 9.9-7| 5.4-8| 1.8-7| -1.5-5 08
gka7c | 101 | 101; 135|135|2010 -7.31644973 3 |-7.31643789 3 3.0-8| 9.9-7| 2.1-7| 0.0-16| 1.3-7| 0.0-16| -8.1-7 12
gka1d | 101 | 101; 112|112|2043 -6.52842897 3 |-6.52842810 3 4.5-8| 9.7-7| 2.1-7| 0.0-16| 5.9-8| 0.1-16| -6.7-8 12
gka2d | 101 | 101; 39| 42|1319 -6.99071129 3 |-6.99069459 3 3.5-12| 9.9-7| 5.6-8| 8.2-8| 2.1-7| 2.5-7| -1.2-6 08
gka3d | 101 | 101; 46| 46|1306 -9.73433037 3 |-9.73434598 3 2.8-12| 9.9-7| 2.9-8| 4.1-7| 2.5-7| 5.9-7| 8.0-7 08
gka4d | 101 | 101; 90| 90|1210 -1.12784134 4 |-1.12784212 4 7.4-8| 9.7-7| 4.5-7| 0.2-16| 5.2-8| 4.3-16| 3.5-7 09
gka5d | 101 | 101; 31| 33|1276 -1.23988659 4 |-1.23988547 4 2.6-12| 9.7-7| 6.9-8| 1.8-7| 1.4-7| 9.1-7| -4.5-7 07
gka6d | 101 | 101; 23| 23|1391 -1.49293396 4 |-1.49293511 4 9.9-7| 9.9-7| 6.5-16| 2.0-7| 1.6-14| 3.4-7| 3.9-7 06
gka7d | 101 | 101; 32| 32|1151 -1.53758304 4 |-1.53757988 4 9.8-7| 8.9-7| 5.5-16| 5.9-8| 3.9-14| 1.4-7| -1.0-6 07
gka8d | 101 | 101; 46| 46|2653 -1.70053607 4 |-1.70053546 4 4.9-12| 9.9-7| 4.1-9| 5.2-8| 2.6-8| 3.8-7| -1.8-7 13
gka9d | 101 | 101; 4| 4|1373 -1.65338958 4 |-1.65338438 4 5.1-8| 9.5-7| 2.7-8| 0.1-16| 7.8-9| 0.9-16| -1.6-6 06
gka10d | 101 | 101; 32| 32|1234 -2.01085766 4 |-2.01085650 4 1.6-12| 9.9-7| 1.9-8| 3.5-8| 1.1-7| 4.9-8| -2.9-7 06
gka1e | 201 | 201; 121|123|2921 -1.70698173 4 |-1.70698064 4 2.5-12| 9.9-7| 1.1-8| 2.0-8| 1.4-8| 1.5-8| -3.2-7 48
gka2e | 201 | 201; 106|114|2270 -2.49176332 4 |-2.49176708 4 4.8-8| 9.9-7| 5.6-8| 0.1-16| 4.0-9| 0.3-16| 7.5-7 39
gka3e | 201 | 201; 103|111|2082 -2.68987429 4 |-2.68987667 4 3.0-8| 9.9-7| 1.9-7| 0.1-16| 5.3-8| 0.6-16| 4.4-7 36
gka4e | 201 | 201; 100|101|2200 -3.72251472 4 |-3.72250934 4 7.5-8| 9.9-7| 2.0-7| 0.1-16| 4.0-8| 0.2-16| -7.2-7 38
gka5e | 201 | 201; 119|128|2431 -3.80023046 4 |-3.80023315 4 1.6-7| 9.8-7| 2.3-7| 0.3-16| 4.9-8| 5.3-16| 3.5-7 42
gka1f | 501 | 501; 166|203|2780 -6.55590598 4 |-6.55591369 4 1.3-8| 9.8-7| 1.6-7| 0.3-16| 1.3-8| 6.3-16| 5.9-7 6:32
gka2f | 501 | 501; 205|242|3541 -1.07931739 5 |-1.07932064 5 1.0-11| 9.9-7| 6.0-9| 9.1-9| 1.6-7| 8.1-8| 1.5-6 7:54
gka3f | 501 | 501; 174|216|2954 -1.50150987 5 |-1.50151193 5 6.4-12| 9.9-7| 1.5-8| 3.4-8| 5.2-8| 6.6-7| 6.8-7 6:51
gka4f | 501 | 501; 183|222|3101 -1.87087878 5 |-1.87087908 5 4.2-12| 9.9-7| 4.2-9| 2.4-8| 2.4-8| 2.0-7| 8.2-8 7:10
gka5f | 501 | 501; 142|187|2520 -2.06914264 5 |-2.06914258 5 1.8-7| 9.9-7| 7.1-8| 0.2-16| 1.3-8| 1.9-16| -1.5-8 5:53
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Table 2: Performance of SDPNAL+ on θ+, FAP, QAP, BIQ and RCP problems
(ε = 10−6)
problem | m | ns;nl it|itsub|itA pobj | dobj ηP | ηD | ηK1 | ηK2 | ηC1 | ηC2 | ηg time
soybean-small.2 | 48 | 47; 0| 0|463 4.00363442 2 | 4.00364397 2 7.4-13| 9.9-7| 0 | 2.4-7| 2.1-9| 1.1-7| -1.2-6 01
soybean-small.3 | 48 | 47; 0| 0|212 2.46459277 2 | 2.46459259 2 9.4-13| 9.6-7| 4.5-7| 7.9-7| 3.5-8| 5.8-8| 3.6-8 01
soybean-small.4 | 48 | 47; 0| 0|440 2.04274813 2 | 2.04275448 2 1.6-12| 9.5-7| 0 | 4.7-7| 5.8-7| 4.0-7| -1.6-6 01
soybean-small.5 | 48 | 47; 0| 0|275 1.81795753 2 | 1.81795819 2 2.0-12| 9.6-7| 1.2-7| 9.6-7| 3.1-7| 1.9-7| -1.8-7 01
soybean-small.6 | 48 | 47; 0| 0|368 1.63872487 2 | 1.63872595 2 5.0-12| 2.8-7| 0 | 9.1-7| 1.6-7| 1.9-7| -3.3-7 01
soybean-small.7 | 48 | 47; 0| 0|385 1.47247052 2 | 1.47247394 2 2.5-12| 9.8-7| 0 | 2.8-7| 8.6-8| 1.4-7| -1.2-6 01
soybean-small.8 | 48 | 47; 24| 24|1012 1.33486218 2 | 1.33486525 2 1.8-13| 9.3-7| 2.7-7| 6.5-7| 8.9-8| 1.2-7| -1.1-6 03
soybean-small.9 | 48 | 47; 0| 0|632 1.21410328 2 | 1.21410703 2 5.4-12| 2.9-7| 0 | 9.9-7| 1.0-8| 6.3-8| -1.5-6 02
soybean-small.10 | 48 | 47; 0| 0|327 1.10776114 2 | 1.10777427 2 3.8-12| 9.8-7| 7.9-9| 4.0-7| 2.3-8| 9.3-8| -5.9-6 01
soybean-small.11 | 48 | 47; 1| 1|700 1.02267594 2 | 1.02267645 2 2.7-8| 1.4-7| 8.7-7| 1.8-16| 1.0-7| 0.5-16| -2.5-7 02
soybean-large.2 | 308 | 307; 2| 2|1171 5.46342122 3 | 5.46342235 3 8.1-13| 9.2-7| 8.0-9| 9.9-7| 1.8-8| 6.6-7| -1.0-7 29
soybean-large.3 | 308 | 307; 2| 2|934 4.57580592 3 | 4.57580844 3 4.6-13| 7.2-7| 1.7-8| 2.7-7| 4.5-8| 9.3-8| -2.8-7 25
soybean-large.4 | 308 | 307; 52| 52|1506 4.04637305 3 | 4.04637422 3 1.0-13| 7.7-7| 2.8-7| 8.7-7| 2.7-8| 3.0-7| -1.4-7 52
soybean-large.5 | 308 | 307; 2| 2|814 3.63158072 3 | 3.63158133 3 2.6-13| 9.8-7| 0 | 9.6-7| 1.7-8| 2.0-7| -8.4-8 22
soybean-large.6 | 308 | 307; 0| 0|413 3.26767677 3 | 3.26767798 3 4.1-12| 9.4-7| 1.3-7| 5.7-7| 4.3-7| 1.1-7| -1.9-7 12
soybean-large.7 | 308 | 307; 2| 2|757 3.00627224 3 | 3.00627274 3 1.7-13| 9.2-7| 6.0-7| 8.7-7| 8.2-8| 6.9-8| -8.3-8 25
soybean-large.8 | 308 | 307; 2| 2|726 2.76816908 3 | 2.76817008 3 7.4-14| 9.9-7| 3.3-7| 5.9-7| 5.0-8| 3.0-8| -1.8-7 22
soybean-large.9 | 308 | 307; 6| 6|850 2.55268855 3 | 2.55268925 3 2.3-13| 9.5-7| 6.1-7| 9.7-7| 6.7-8| 1.9-7| -1.4-7 24
soybean-large.10 | 308 | 307; 0| 0|359 2.36925518 3 | 2.36925566 3 4.3-12| 8.5-7| 4.7-8| 9.5-7| 1.8-7| 4.2-8| -1.0-7 10
soybean-large.11 | 308 | 307; 0| 0|948 2.23131727 3 | 2.23131261 3 3.0-11| 6.5-7| 1.6-7| 8.7-8| 6.4-7| 4.3-7| 1.0-6 25
spambase-small.2 | 301 | 300; 0| 0|434 2.47157686 7 | 2.47158234 7 4.8-12| 9.4-7| 6.0-8| 7.0-7| 1.4-7| 9.1-8| -1.1-6 12
spambase-small.3 | 301 | 300; 2| 2|526 9.88376699 6 | 9.88375689 6 8.9-13| 8.9-7| 7.7-7| 9.7-7| 4.9-7| 1.9-7| 5.1-7 14
spambase-small.4 | 301 | 300; 31| 31|980 6.46941336 6 | 6.46938487 6 8.9-13| 8.9-7| 5.0-7| 9.9-7| 2.0-7| 1.3-7| 2.2-6 33
spambase-small.5 | 301 | 300; 0| 0|596 4.88892526 6 | 4.88913614 6 4.1-7| 9.9-7| 7.5-16| 6.6-7| 3.1-15| 9.6-7| -2.2-5 16
spambase-small.6 | 301 | 300; 8| 8|793 3.96283109 6 | 3.96292724 6 7.1-12| 9.3-7| 0 | 7.0-7| 8.4-7| 3.7-7| -1.2-5 26
spambase-small.7 | 301 | 300; 8| 8|842 3.21840824 6 | 3.21827500 6 9.8-7| 4.2-7| 7.4-16| 7.9-7| 7.2-16| 7.7-7| 2.1-5 27
spambase-small.8 | 301 | 300; 1| 1|901 2.63464441 6 | 2.63461016 6 4.6-12| 9.9-7| 0 | 8.9-7| 2.8-8| 1.4-7| 6.5-6 26
spambase-small.9 | 301 | 300; 8| 8|963 2.14747984 6 | 2.14761786 6 2.8-11| 9.6-7| 3.1-8| 6.5-7| 3.2-7| 5.3-7| -3.2-5 32
spambase-small.10 | 301 | 300; 8| 8|1170 1.77114508 6 | 1.77099199 6 5.7-14| 8.4-7| 1.4-7| 6.4-7| 4.4-7| 9.1-7| 4.3-5 38
spambase-small.11 | 301 | 300; 8| 8|1219 1.49977936 6 | 1.49998112 6 3.1-11| 9.9-7| 0 | 6.6-7| 6.9-7| 8.3-7| -6.7-5 37
spambase-medium.2 | 901 | 900; 0| 0|574 2.04673218 8 | 2.04671906 8 4.5-11| 9.8-7| 0 | 4.0-8| 3.7-7| 6.0-8| 3.2-6 3:22
spambase-medium.3 | 901 | 900; 2| 2|1306 1.13852091 8 | 1.13852269 8 3.1-11| 9.8-7| 1.1-9| 9.7-7| 2.9-9| 1.2-7| -7.8-7 7:41
spambase-medium.4 | 901 | 900; 8| 8|3282 6.47576502 7 | 6.47607483 7 1.1-12| 9.5-7| 2.2-7| 3.9-7| 6.3-7| 9.9-7| -2.4-5 25:02
spambase-medium.5 | 901 | 900; 17| 17|2314 4.47388301 7 | 4.47390672 7 1.3-10| 9.9-7| 0 | 7.6-7| 2.9-8| 3.8-8| -2.6-6 19:12
spambase-medium.6 | 901 | 900; 8| 8|1241 3.41689509 7 | 3.41690625 7 5.5-11| 9.9-7| 0 | 9.1-7| 3.7-8| 4.3-8| -1.6-6 12:03
spambase-medium.7 | 901 | 900; 8| 8|1525 2.68389873 7 | 2.68390611 7 9.4-11| 9.4-7| 0 | 9.9-7| 3.3-8| 1.4-8| -1.4-6 11:43
spambase-medium.8 | 901 | 900; 8| 8|1219 2.14451210 7 | 2.14450658 7 9.4-11| 9.9-7| 0 | 9.4-7| 6.0-8| 7.2-9| 1.3-6 11:46
spambase-medium.9 | 901 | 900; 8| 8|1292 1.74857865 7 | 1.74853340 7 1.3-10| 5.2-7| 2.2-8| 9.9-7| 8.1-8| 2.2-7| 1.3-5 11:11
spambase-medium.10 | 901 | 900; 8| 8|1176 1.44394158 7 | 1.44377147 7 2.7-13| 8.8-7| 7.2-8| 4.0-7| 4.4-9| 8.6-7| 5.9-5 10:35
spambase-medium.11 | 901 | 900; 8| 8|1519 1.18363554 7 | 1.18336465 7 9.7-7| 9.9-7| 1.2-15| 1.9-7| 6.6-15| 9.0-7| 1.1-4 14:26
spambase-large.2 | 1501 | 1500; 0| 0|535 4.71138593 8 | 4.71150439 8 9.9-7| 9.9-7| 1.6-15| 3.0-7| 4.3-16| 2.0-7| -1.3-5 11:07
spambase-large.3 | 1501 | 1500; 8| 8|1844 2.36009657 8 | 2.36013239 8 2.5-10| 8.9-7| 2.3-7| 9.9-7| 6.0-7| 5.3-8| -7.6-6 1:40:31
spambase-large.4 | 1501 | 1500; 8| 8|4519 1.39698995 8 | 1.39699718 8 8.7-10| 9.8-7| 0 | 9.9-7| 6.1-9| 6.7-8| -2.6-6 2:49:39
spambase-large.5 | 1501 | 1500; 8| 8|9184 1.02748129 8 | 1.02754393 8 3.8-13| 9.7-7| 2.6-8| 5.7-7| 2.5-8| 9.6-7| -3.0-5 4:49:37
spambase-large.6 | 1501 | 1500; 8| 8|2798 7.27756732 7 | 7.27685611 7 8.0-12| 9.9-7| 0 | 9.1-7| 4.5-7| 8.6-7| 4.9-5 2:07:59
spambase-large.7 | 1501 | 1500; 8| 8|2107 5.58150191 7 | 5.58157168 7 5.5-10| 5.1-7| 9.3-9| 9.9-7| 3.2-8| 1.0-7| -6.2-6 1:52:04
spambase-large.8 | 1501 | 1500; 8| 8|1498 4.34964142 7 | 4.34982631 7 3.5-10| 5.8-7| 0 | 9.9-7| 2.3-7| 3.4-7| -2.1-5 33:09
spambase-large.9 | 1501 | 1500; 8| 8|2158 3.51895769 7 | 3.51829566 7 1.2-11| 9.8-7| 1.8-7| 5.5-7| 4.3-7| 8.0-7| 9.4-5 1:51:14
spambase-large.10 | 1501 | 1500; 8| 8|2429 2.96668169 7 | 2.96696498 7 1.0-9| 5.4-7| 0 | 9.9-7| 2.9-7| 4.2-7| -4.8-5 1:02:04
spambase-large.11 | 1501 | 1500; 8| 8|2164 2.49404631 7 | 2.49448474 7 1.9-12| 9.9-7| 6.6-8| 7.2-7| 5.0-7| 6.8-7| -8.8-5 55:19
abalone-small.2 | 201 | 200; 0| 0|384 8.58559226 2 | 8.58556840 2 1.3-12| 5.8-7| 0 | 9.9-7| 6.5-7| 2.6-7| 1.4-6 05
abalone-small.3 | 201 | 200; 0| 0|268 4.37052658 2 | 4.37061770 2 1.5-12| 9.8-7| 8.0-9| 9.6-8| 1.4-7| 4.0-8| -1.0-5 03
abalone-small.4 | 201 | 200; 0| 0|486 2.55992430 2 | 2.55992748 2 6.6-12| 2.2-7| 1.2-8| 9.9-7| 3.4-8| 1.8-8| -6.2-7 07
abalone-small.5 | 201 | 200; 0| 0|554 1.66802413 2 | 1.66804116 2 8.1-12| 9.9-7| 0 | 4.1-7| 4.1-7| 1.4-7| -5.1-6 06
abalone-small.6 | 201 | 200; 0| 0|523 1.17558277 2 | 1.17561963 2 1.0-11| 8.2-7| 0 | 9.9-7| 1.1-7| 4.1-8| -1.6-5 07
abalone-small.7 | 201 | 200; 8| 8|1012 9.09692747 1 | 9.09734973 1 5.9-12| 9.9-7| 0 | 1.4-7| 6.3-7| 2.4-7| -2.3-5 13
abalone-small.8 | 201 | 200; 8| 8|1054 7.50164881 1 | 7.50232867 1 9.8-7| 9.6-7| 3.9-16| 9.5-8| 2.3-15| 5.0-7| -4.5-5 16
abalone-small.9 | 201 | 200; 8| 8|1076 6.34769692 1 | 6.34841919 1 9.7-7| 8.4-7| 4.0-16| 2.4-7| 2.9-14| 5.6-7| -5.6-5 14
abalone-small.10 | 201 | 200; 8| 8|2085 5.30409909 1 | 5.30469626 1 1.7-11| 9.9-7| 0 | 9.6-8| 3.2-7| 2.3-7| -5.6-5 30
27
Table 2: Performance of SDPNAL+ on θ+, FAP, QAP, BIQ and RCP problems
(ε = 10−6)
problem | m | ns;nl it|itsub|itA pobj | dobj ηP | ηD | ηK1 | ηK2 | ηC1 | ηC2 | ηg time
abalone-small.11 | 201 | 200; 8| 8|1776 4.49348394 1 | 4.49411017 1 2.6-11| 9.9-7| 1.7-7| 9.6-8| 6.5-7| 4.3-7| -6.9-5 26
abalone-medium.2 | 401 | 400; 3| 3|500 2.26214379 3 | 2.26215611 3 7.2-8| 9.5-7| 8.2-7| 0.1-16| 9.0-8| 0.0-16| -2.7-6 26
abalone-medium.3 | 401 | 400; 5| 5|611 1.15442059 3 | 1.15441788 3 8.6-13| 9.8-7| 3.4-9| 9.9-7| 1.1-7| 1.3-7| 1.2-6 32
abalone-medium.4 | 401 | 400; 0| 0|378 6.86064887 2 | 6.86064337 2 9.7-12| 9.9-7| 0 | 9.0-8| 5.0-8| 1.9-8| 4.0-7 19
abalone-medium.5 | 401 | 400; 0| 0|578 4.68709535 2 | 4.68711908 2 2.9-11| 2.8-7| 0 | 9.9-7| 3.1-7| 5.9-8| -2.5-6 31
abalone-medium.6 | 401 | 400; 0| 0|608 3.44630501 2 | 3.44639813 2 9.8-7| 5.7-7| 5.2-16| 3.5-7| 3.7-15| 2.9-7| -1.3-5 37
abalone-medium.7 | 401 | 400; 8| 8|1084 2.68321759 2 | 2.68330068 2 3.7-11| 8.4-7| 0 | 9.6-7| 4.3-8| 3.3-8| -1.5-5 1:08
abalone-medium.8 | 401 | 400; 8| 8|981 2.16660814 2 | 2.16662931 2 3.9-11| 8.2-7| 0 | 9.8-7| 2.5-7| 3.3-8| -4.9-6 1:00
abalone-medium.9 | 401 | 400; 8| 8|1063 1.83116123 2 | 1.83122772 2 9.7-7| 8.3-7| 4.6-16| 2.7-7| 1.3-14| 3.9-7| -1.8-5 1:14
abalone-medium.10 | 401 | 400; 8| 8|1328 1.60974189 2 | 1.60991692 2 2.8-10| 9.9-7| 2.0-7| 4.9-7| 7.2-7| 2.3-7| -5.4-5 1:24
abalone-medium.11 | 401 | 400; 8| 8|1212 1.40895099 2 | 1.40913918 2 2.1-10| 9.9-7| 0 | 7.7-7| 2.9-7| 3.2-7| -6.7-5 1:21
abalone-large.2 | 1001 | 1000; 0| 0|576 5.52269325 3 | 5.52256503 3 9.9-7| 5.2-7| 1.4-15| 2.2-7| 1.8-15| 1.0-7| 1.2-5 5:01
abalone-large.3 | 1001 | 1000; 21| 21|762 2.81040989 3 | 2.81042183 3 2.1-13| 9.2-7| 7.6-7| 6.4-7| 3.9-8| 2.2-7| -2.1-6 7:29
abalone-large.4 | 1001 | 1000; 0| 0|545 1.72764378 3 | 1.72763706 3 2.7-11| 4.9-7| 0 | 2.0-7| 9.9-7| 7.9-8| 1.9-6 6:43
abalone-large.5 | 1001 | 1000; 38| 38|797 1.21466288 3 | 1.21471600 3 3.3-12| 9.5-7| 1.3-7| 4.6-7| 7.6-7| 2.6-9| -2.2-5 11:45
abalone-large.6 | 1001 | 1000; 8| 8|781 9.17362617 2 | 9.17389149 2 6.7-11| 9.9-7| 0 | 6.6-7| 5.2-7| 2.3-7| -1.4-5 9:12
abalone-large.7 | 1001 | 1000; 8| 8|1104 7.26132923 2 | 7.26154920 2 9.9-7| 7.4-7| 0.8-15| 5.7-7| 8.4-15| 1.8-7| -1.5-5 12:09
abalone-large.8 | 1001 | 1000; 8| 8|1024 5.89228809 2 | 5.89292994 2 9.9-7| 7.5-7| 0.8-15| 3.6-7| 3.8-16| 6.8-8| -5.4-5 11:58
abalone-large.9 | 1001 | 1000; 8| 8|1337 5.00465746 2 | 5.00516610 2 9.9-7| 8.4-7| 7.8-16| 2.5-7| 5.2-16| 2.9-7| -5.1-5 16:07
abalone-large.10 | 1001 | 1000; 8| 8|1761 4.42618246 2 | 4.42633818 2 4.4-10| 2.7-7| 0 | 7.8-7| 8.4-7| 1.9-7| -1.8-5 16:38
abalone-large.11 | 1001 | 1000; 8| 8|1969 3.93913466 2 | 3.93950575 2 4.6-10| 9.9-7| 2.3-7| 5.7-8| 9.2-7| 3.5-7| -4.7-5 18:04
segment-small.2 | 401 | 400; 8| 8|1916 4.06441107 6 | 4.06441484 6 1.9-11| 9.2-7| 1.1-8| 7.7-7| 2.4-8| 2.4-7| -4.6-7 1:41
segment-small.3 | 401 | 400; 60| 60|1696 2.80588330 6 | 2.80588506 6 2.9-13| 8.9-7| 3.6-7| 9.1-7| 7.0-8| 3.4-7| -3.1-7 1:56
segment-small.4 | 401 | 400; 6| 6|1233 2.26904580 6 | 2.26904865 6 2.1-12| 9.8-7| 0 | 9.9-7| 6.2-11| 2.5-7| -6.3-7 1:07
segment-small.5 | 401 | 400; 90| 90|2676 1.92834731 6 | 1.92835299 6 2.0-13| 8.5-7| 3.3-7| 8.9-7| 3.0-7| 4.0-7| -1.5-6 3:10
segment-small.6 | 401 | 400; 17| 17|1956 1.67079140 6 | 1.67079398 6 3.5-12| 8.0-7| 0 | 9.9-7| 7.5-10| 3.0-7| -7.7-7 1:59
segment-small.7 | 401 | 400; 12| 12|980 1.46078808 6 | 1.46078800 6 4.8-13| 8.3-7| 4.0-7| 7.3-7| 6.1-8| 9.1-8| 2.6-8 1:02
segment-small.8 | 401 | 400; 20| 20|1116 1.29257452 6 | 1.29257878 6 5.0-13| 9.9-7| 3.1-7| 9.3-7| 1.8-8| 7.2-8| -1.6-6 1:20
segment-small.9 | 401 | 400; 4| 4|844 1.15740240 6 | 1.15740528 6 4.8-13| 8.6-7| 4.9-7| 4.6-7| 6.0-8| 4.2-8| -1.2-6 56
segment-small.10 | 401 | 400; 32| 32|986 1.04530881 6 | 1.04531060 6 4.6-13| 8.9-7| 3.0-7| 9.1-7| 5.5-8| 8.0-8| -8.6-7 1:25
segment-small.11 | 401 | 400; 16| 16|1290 9.53437588 5 | 9.53439378 5 4.1-12| 9.0-7| 3.1-9| 9.9-7| 1.1-8| 5.9-8| -9.4-7 1:33
segment-medium.2 | 701 | 700; 8| 8|1143 1.05087573 7 | 1.05088196 7 2.6-11| 9.9-7| 2.5-7| 9.2-8| 5.6-7| 8.8-9| -3.0-6 4:07
segment-medium.3 | 701 | 700; 2| 2|737 7.33920884 6 | 7.33925216 6 6.6-12| 9.6-7| 3.2-7| 9.0-7| 8.2-7| 3.1-7| -3.0-6 2:36
segment-medium.4 | 701 | 700; 8| 8|1889 5.68021106 6 | 5.68021670 6 8.6-12| 6.3-7| 2.7-9| 9.9-7| 7.6-9| 1.5-7| -5.0-7 6:28
segment-medium.5 | 701 | 700; 8| 8|2163 4.83142547 6 | 4.83143345 6 9.8-12| 8.8-7| 2.9-10| 9.9-7| 8.5-10| 1.7-7| -8.3-7 8:15
segment-medium.6 | 701 | 700; 2| 2|2861 4.19190458 6 | 4.19191614 6 7.9-12| 9.7-7| 2.0-9| 9.9-7| 6.0-9| 2.2-7| -1.4-6 9:23
segment-medium.7 | 701 | 700; 4| 4|3112 3.70130906 6 | 3.70132216 6 9.7-12| 9.3-7| 7.6-12| 9.9-7| 2.3-11| 2.2-7| -1.8-6 10:41
segment-medium.8 | 701 | 700; 2| 2|2824 3.30331076 6 | 3.30332003 6 0.9-15| 9.0-7| 6.2-7| 1.3-7| 5.6-7| 8.4-8| -1.4-6 8:45
segment-medium.9 | 701 | 700; 8| 8|2390 2.95167535 6 | 2.95168923 6 1.8-11| 9.9-7| 7.7-9| 9.1-7| 2.7-8| 1.2-7| -2.4-6 7:30
segment-medium.10 | 701 | 700; 2| 2|1779 2.64262878 6 | 2.64263589 6 1.3-11| 7.8-7| 4.4-10| 9.9-7| 1.6-9| 5.5-8| -1.3-6 5:30
segment-medium.11 | 701 | 700; 8| 8|1722 2.37625318 6 | 2.37628093 6 2.9-11| 8.9-7| 0 | 9.7-7| 2.1-8| 6.4-7| -5.8-6 8:32
segment-large.2 | 1001 | 1000; 8| 8|1191 1.47176055 7 | 1.47174710 7 9.7-12| 9.4-7| 0 | 1.6-7| 9.9-7| 6.5-8| 4.6-6 9:16
segment-large.3 | 1001 | 1000; 0| 0|373 1.03929738 7 | 1.03929372 7 6.1-12| 9.9-7| 0 | 9.7-7| 3.9-7| 1.1-7| 1.8-6 2:43
segment-large.4 | 1001 | 1000; 2| 2|1879 8.16944543 6 | 8.16945493 6 7.0-12| 9.0-7| 1.3-9| 9.9-7| 3.7-9| 2.1-7| -5.8-7 13:52
segment-large.5 | 1001 | 1000; 8| 8|2449 6.98489394 6 | 6.98490266 6 1.2-11| 9.9-7| 2.3-9| 9.7-7| 6.8-9| 2.2-7| -6.2-7 19:06
segment-large.6 | 1001 | 1000; 8| 8|3158 6.09809592 6 | 6.09811370 6 2.5-11| 8.8-7| 0 | 9.9-7| 3.7-9| 2.6-7| -1.5-6 24:00
segment-large.7 | 1001 | 1000; 8| 8|3613 5.38598768 6 | 5.38600754 6 3.9-11| 9.9-7| 0 | 9.9-7| 6.4-9| 2.9-7| -1.8-6 28:07
segment-large.8 | 1001 | 1000; 8| 8|2950 4.78847595 6 | 4.78848661 6 2.7-11| 9.0-7| 1.2-9| 9.9-7| 3.9-9| 2.3-7| -1.1-6 23:46
segment-large.9 | 1001 | 1000; 8| 8|2452 4.28847495 6 | 4.28849222 6 2.6-11| 9.9-7| 2.4-10| 9.5-7| 8.5-10| 1.4-7| -2.0-6 19:23
segment-large.10 | 1001 | 1000; 8| 8|1871 3.86492330 6 | 3.86492553 6 4.3-11| 9.9-7| 3.4-9| 9.7-7| 1.3-8| 8.0-9| -2.9-7 14:38
segment-large.11 | 1001 | 1000; 8| 8|1887 3.50360361 6 | 3.50361681 6 5.1-11| 6.7-7| 0 | 9.9-7| 8.9-8| 2.7-7| -1.9-6 20:26
housing.2 | 507 | 506; 8| 8|3373 5.76086706 6 | 5.76093491 6 9.9-7| 9.9-7| 1.4-15| 8.7-8| 3.2-15| 3.8-8| -5.9-6 4:50
housing.3 | 507 | 506; 8| 8|1576 3.00980144 6 | 3.00979147 6 4.5-12| 8.6-7| 0 | 7.0-8| 9.7-7| 1.2-7| 1.7-6 3:20
housing.4 | 507 | 506; 8| 8|1645 1.79283384 6 | 1.79284813 6 7.5-12| 9.9-7| 2.8-8| 2.3-8| 8.3-8| 8.5-9| -4.0-6 2:50
housing.5 | 507 | 506; 8| 8|1918 1.38028143 6 | 1.38019123 6 7.4-12| 9.9-7| 0 | 7.5-8| 9.5-7| 1.6-7| 3.3-5 3:30
housing.6 | 507 | 506; 11| 11|533 1.11181933 6 | 1.11182191 6 6.5-13| 9.9-7| 4.4-7| 9.6-7| 8.2-7| 1.8-7| -1.2-6 1:06
housing.7 | 507 | 506; 8| 8|703 9.52730443 5 | 9.52783974 5 1.5-11| 9.9-7| 0 | 6.6-7| 6.7-7| 3.2-7| -2.8-5 1:29
housing.8 | 507 | 506; 0| 0|638 8.32092766 5 | 8.32124769 5 4.9-11| 9.1-7| 2.7-7| 9.8-7| 9.3-7| 1.6-7| -1.9-5 1:06
housing.9 | 507 | 506; 0| 0|794 7.41543509 5 | 7.41598866 5 5.9-11| 9.5-7| 0 | 1.6-7| 6.5-7| 2.2-7| -3.7-5 1:27
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Table 2: Performance of SDPNAL+ on θ+, FAP, QAP, BIQ and RCP problems
(ε = 10−6)
problem | m | ns;nl it|itsub|itA pobj | dobj ηP | ηD | ηK1 | ηK2 | ηC1 | ηC2 | ηg time
housing.10 | 507 | 506; 8| 8|927 6.72000062 5 | 6.72060390 5 4.7-11| 8.9-7| 3.1-8| 9.9-7| 1.1-7| 7.1-8| -4.5-5 1:38
housing.11 | 507 | 506; 8| 8|813 6.12669296 5 | 6.12699861 5 9.9-12| 9.9-7| 2.1-7| 9.9-7| 7.6-7| 2.6-7| -2.5-5 1:31
Table 3: Performance of SDPNAL+ on θ and R1TA problems (ε = 10−6)
problem | m | ns;nl it|itsub|itA pobj | dobj ηP | ηD | ηK1 | ηK2 | ηC1 | ηC2 | ηg time
theta4 | 1949 | 200; 13| 13|153 5.03212171 1 | 5.03212139 1 5.2-8| 6.5-7| 1.4-15| 0 | 1.0-15| 0 | 3.2-8 04
theta42 | 5986 | 200; 20| 20| 82 2.39317014 1 | 2.39317083 1 2.5-7| 6.0-7| 1.1-15| 0 | 6.7-16| 0 | -1.4-7 05
theta6 | 4375 | 300; 12| 12|163 6.34770795 1 | 6.34770774 1 3.7-8| 9.9-7| 3.4-16| 0 | 1.2-15| 0 | 1.6-8 09
theta62 | 13390 | 300; 13| 13| 82 2.96412360 1 | 2.96412502 1 3.5-7| 6.7-7| 2.0-16| 0 | 6.0-16| 0 | -2.4-7 07
theta8 | 7905 | 400; 12| 12|183 7.39535647 1 | 7.39535733 1 2.4-8| 4.4-7| 1.5-15| 0 | 0.8-15| 0 | -5.8-8 18
theta82 | 23872 | 400; 11| 11| 87 3.43668856 1 | 3.43668909 1 1.1-7| 4.5-7| 5.4-16| 0 | 1.5-16| 0 | -7.6-8 13
theta83 | 39862 | 400; 23| 23| 64 2.03018725 1 | 2.03018894 1 4.4-7| 9.8-7| 1.2-16| 0 | 6.7-16| 0 | -4.1-7 23
theta10 | 12470 | 500; 11| 11|200 8.38059601 1 | 8.38059488 1 4.4-8| 7.6-7| 6.5-16| 0 | 4.0-16| 0 | 6.7-8 32
theta102 | 37467 | 500; 11| 11| 84 3.83905392 1 | 3.83905464 1 8.1-8| 6.8-7| 3.4-16| 0 | 0.4-16| 0 | -9.3-8 21
theta103 | 62516 | 500; 20| 20| 64 2.25285667 1 | 2.25285686 1 2.8-7| 8.1-7| 1.8-16| 0 | 7.6-16| 0 | -4.1-8 38
theta104 | 87245 | 500; 43| 47| 63 1.33361259 1 | 1.33361411 1 3.9-7| 4.4-7| 1.3-16| 0 | 1.5-16| 0 | -5.5-7 53
theta12 | 17979 | 600; 13| 13|200 9.28016817 1 | 9.28016713 1 2.3-8| 3.7-7| 0.9-15| 0 | 1.3-16| 0 | 5.6-8 51
theta123 | 90020 | 600; 12| 12| 70 2.46686527 1 | 2.46686518 1 6.0-8| 7.1-7| 2.1-16| 0 | 1.1-16| 0 | 1.9-8 36
san200-0.7-1 | 5971 | 200; 11| 11|220 3.00000363 1 | 2.99998734 1 6.5-7| 7.7-7| 6.3-16| 0 | 1.7-15| 0 | 2.7-6 04
sanr200-0.7 | 6033 | 200; 14| 14| 82 2.38361576 1 | 2.38361571 1 1.5-7| 5.1-7| 1.1-15| 0 | 4.5-16| 0 | 9.4-9 03
c-fat200-1 | 18367 | 200; 25| 31| 90 1.20000005 1 | 1.20000152 1 2.6-7| 8.4-7| 1.1-15| 0 | 3.0-16| 0 | -5.9-7 04
hamming-8-4 | 11777 | 256; 5| 5| 72 1.60000000 1 | 1.60000026 1 1.4-11| 1.4-7| 0.5-16| 0 | 0.5-16| 0 | -7.8-8 02
hamming-9-8 | 2305 | 512; 12| 12|200 2.24000000 2 | 2.24000041 2 1.1-9| 2.5-7| 7.1-16| 0 | 4.4-16| 0 | -9.2-8 21
hamming-10-2 | 23041 | 1024; 10| 10|200 1.02399926 2 | 1.02400047 2 1.2-8| 4.8-7| 1.3-16| 0 | 0.8-16| 0 | -5.9-7 2:54
hamming-7-5-6 | 1793 | 128; 5| 5|232 4.26666667 1 | 4.26666693 1 2.7-12| 7.7-8| 5.4-16| 0 | 1.9-16| 0 | -3.0-8 02
hamming-8-3-4 | 16129 | 256; 9| 9| 83 2.55999999 1 | 2.55999998 1 1.2-8| 3.9-7| 1.4-16| 0 | 0.9-16| 0 | 1.1-9 03
hamming-9-5-6 | 53761 | 512; 6| 6|200 8.53333333 1 | 8.53333618 1 3.4-14| 6.2-7| 5.9-16| 0 | 0.2-16| 0 | -1.7-7 20
brock200-1 | 5067 | 200; 14| 14| 91 2.74566395 1 | 2.74566399 1 8.1-8| 3.3-7| 4.9-16| 0 | 0.8-15| 0 | -8.0-9 03
brock200-4 | 6812 | 200; 14| 14| 76 2.12934751 1 | 2.12934754 1 2.8-7| 9.8-7| 6.7-16| 0 | 2.8-16| 0 | -6.4-9 03
brock400-1 | 20078 | 400; 13| 13| 90 3.97018938 1 | 3.97019003 1 6.9-8| 2.5-7| 2.6-16| 0 | 7.2-16| 0 | -8.0-8 13
keller4 | 5101 | 171; 13| 13| 68 1.40122434 1 | 1.40122412 1 4.6-7| 2.8-7| 6.7-16| 0 | 5.0-16| 0 | 7.8-8 02
p-hat300-1 | 33918 | 300; 86|128| 69 1.00679724 1 | 1.00679649 1 4.4-7| 6.0-7| 1.4-16| 0 | 1.2-16| 0 | 3.5-7 58
G43 | 9991 | 1000; 27| 27|200 2.80625087 2 | 2.80624586 2 6.8-7| 9.8-7| 1.6-15| 0 | 1.6-14| 0 | 8.9-7 3:32
G44 | 9991 | 1000; 30| 30|200 2.80583223 2 | 2.80583220 2 1.1-7| 6.1-7| 2.5-15| 0 | 0.8-16| 0 | 5.9-9 3:48
G45 | 9991 | 1000; 26| 26|200 2.80185148 2 | 2.80185127 2 1.3-7| 6.4-7| 3.2-15| 0 | 2.4-15| 0 | 3.8-8 3:31
G46 | 9991 | 1000; 28| 30|200 2.79837009 2 | 2.79836974 2 1.9-7| 7.9-7| 5.7-15| 0 | 5.4-15| 0 | 6.2-8 3:49
G47 | 9991 | 1000; 30| 31|200 2.81894037 2 | 2.81893954 2 1.8-7| 3.7-7| 1.4-14| 0 | 1.4-14| 0 | 1.5-7 3:52
G51 | 5910 | 1000; 148|584|200 3.48999920 2 | 3.48999975 2 7.3-7| 5.9-7| 9.2-14| 0 | 4.6-14| 0 | -7.9-8 41:06
G52 | 5917 | 1000; 458|1619|200 3.48387855 2 | 3.48386488 2 7.6-7| 9.3-7| 3.0-15| 0 | 2.4-14| 0 | 2.0-6 3:53:19
G53 | 5915 | 1000; 425|1183|200 3.48348615 2 | 3.48347655 2 4.7-7| 9.9-7| 8.9-14| 0 | 3.2-15| 0 | 1.4-6 2:16:35
G54 | 5917 | 1000; 123|462|200 3.41000018 2 | 3.40999990 2 2.5-7| 9.3-7| 9.3-15| 0 | 5.7-16| 0 | 4.2-8 23:17
1dc.128 | 1472 | 128; 111|186|231 1.68419262 1 | 1.68418832 1 6.8-7| 9.8-7| 3.5-15| 0 | 1.2-16| 0 | 1.2-6 19
1et.128 | 673 | 128; 13| 13|140 2.92308538 1 | 2.92308946 1 1.6-7| 5.5-7| 1.5-15| 0 | 0.8-15| 0 | -6.9-7 02
1tc.128 | 513 | 128; 11| 11|205 3.80000058 1 | 3.80000001 1 6.2-8| 1.9-7| 2.2-15| 0 | 8.2-15| 0 | 7.5-8 02
1zc.128 | 1121 | 128; 12| 12|103 2.06666665 1 | 2.06666569 1 3.8-8| 4.1-7| 6.8-16| 0 | 3.8-16| 0 | 2.3-7 02
1dc.256 | 3840 | 256; 60| 83|220 2.99999998 1 | 3.00000002 1 3.3-9| 7.3-9| 1.7-13| 0 | 2.9-14| 0 | -7.1-9 20
1et.256 | 1665 | 256; 44| 66|220 5.51143466 1 | 5.51142200 1 5.7-7| 7.5-7| 7.5-15| 0 | 6.5-15| 0 | 1.1-6 23
1tc.256 | 1313 | 256; 81|169|220 6.33998218 1 | 6.33998835 1 3.4-7| 9.6-7| 7.3-16| 0 | 3.3-15| 0 | -4.8-7 1:02
1zc.256 | 2817 | 256; 17| 17|135 3.80000018 1 | 3.80000000 1 8.0-8| 5.4-7| 5.6-15| 0 | 2.6-15| 0 | 2.4-8 06
1dc.512 | 9728 | 512; 82|156|200 5.30309068 1 | 5.30307013 1 8.3-7| 6.5-7| 1.1-14| 0 | 0.9-15| 0 | 1.9-6 4:26
1et.512 | 4033 | 512; 48| 73|200 1.04423672 2 | 1.04424037 2 8.1-7| 6.9-7| 1.1-14| 0 | 5.1-15| 0 | -1.7-6 1:42
1tc.512 | 3265 | 512; 85|238|200 1.13400651 2 | 1.13400199 2 9.3-7| 5.8-7| 7.3-15| 0 | 4.4-15| 0 | 2.0-6 10:29
2dc.512 | 54896 | 512; 114|322|200 1.17678219 1 | 1.17678221 1 2.3-7| 9.9-7| 7.4-16| 0 | 0.8-15| 0 | -7.2-9 19:54
1zc.512 | 6913 | 512; 15| 15|200 6.87499715 1 | 6.87499833 1 4.5-8| 4.2-7| 1.2-15| 0 | 2.6-16| 0 | -8.5-8 34
1dc.1024 | 24064 | 1024; 48| 74|200 9.59856502 1 | 9.59849891 1 9.1-7| 5.9-7| 5.5-14| 0 | 3.8-14| 0 | 3.4-6 14:32
1et.1024 | 9601 | 1024; 64|129|200 1.84226960 2 | 1.84226147 2 5.9-7| 3.3-7| 5.3-15| 0 | 6.1-14| 0 | 2.2-6 35:33
1tc.1024 | 7937 | 1024; 156|417|200 2.06304654 2 | 2.06304284 2 7.5-7| 6.2-7| 3.1-14| 0 | 7.5-16| 0 | 8.9-7 1:22:24
1zc.1024 | 16641 | 1024; 16| 16|200 1.28666672 2 | 1.28666665 2 1.8-8| 8.4-7| 0.8-15| 0 | 3.8-15| 0 | 2.7-8 4:56
2dc.1024 | 169163 | 1024; 148|376|200 1.86381938 1 | 1.86378972 1 8.2-7| 9.2-7| 1.1-14| 0 | 4.0-15| 0 | 7.8-6 2:21:20
29
Table 3: Performance of SDPNAL+ on θ and R1TA problems (ε = 10−6)
problem | m | ns;nl it|itsub|itA pobj | dobj ηP | ηD | ηK1 | ηK2 | ηC1 | ηC2 | ηg time
1dc.2048 | 58368 | 2048; 62|112|200 1.74731330 2 | 1.74729390 2 9.7-7| 6.2-7| 5.3-14| 0 | 1.6-14| 0 | 5.5-6 1:55:31
1et.2048 | 22529 | 2048; 228|658|200 3.42031726 2 | 3.42029072 2 8.7-7| 8.0-7| 1.1-14| 0 | 4.8-15| 0 | 3.9-6 5:29:46
1tc.2048 | 18945 | 2048; 509|1725|200 3.74644012 2 | 3.74643271 2 4.7-7| 8.2-7| 1.6-14| 0 | 9.6-15| 0 | 9.9-7 22:10:45
2dc.2048 | 504452 | 2048; 167|385|200 3.06739144 1 | 3.06728102 1 9.8-7| 8.2-7| 3.2-15| 0 | 2.7-15| 0 | 1.8-5 14:22:06
nonsym(5,4) | 3374 | 125; 9| 9|250 3.06439166 0 | 3.06438526 0 6.5-7| 1.5-7| 1.3-16| 0 | 1.0-16| 0 | 9.0-7 02
nonsym(6,4) | 9260 | 216; 15| 15|220 3.07677509 0 | 3.07684938 0 7.3-7| 8.7-7| 0.8-16| 0 | 1.5-16| 0 | -1.0-5 05
nonsym(7,4) | 21951 | 343; 10| 10|200 5.07407692 0 | 5.07410714 0 7.9-8| 1.7-7| 0.4-16| 0 | 0.4-16| 0 | -2.7-6 11
nonsym(8,4) | 46655 | 512; 13| 13|200 5.74083101 0 | 5.74083615 0 1.5-7| 2.4-8| 0 | 0 | 1.0-16| 0 | -4.1-7 29
nonsym(9,4) | 91124 | 729; 25| 33|200 1.06613340 0 | 1.06611027 0 8.5-8| 4.2-7| 0 | 0 | 3.0-16| 0 | 7.4-6 2:00
nonsym(10,4) | 166374 | 1000; 17| 21|200 1.69471772 0 | 1.69472878 0 7.9-7| 1.6-7| 0.8-16| 0 | 0.5-16| 0 | -2.5-6 3:37
nonsym(11,4) | 287495 | 1331; 19| 22|200 2.91348466 0 | 2.91343357 0 7.5-8| 2.5-7| 0.2-16| 0 | 0.6-16| 0 | 7.5-6 7:14
nonsym(3,5) | 1295 | 81; 41| 46|133 1.01163219 0 | 1.01164570 0 3.2-7| 7.6-7| 0 | 0 | 2.8-16| 0 | -4.5-6 03
nonsym(4,5) | 9999 | 256; 24| 31|220 1.51740741 0 | 1.51743879 0 2.8-7| 6.7-7| 1.3-16| 0 | 0.4-16| 0 | -7.8-6 11
nonsym(5,5) | 50624 | 625; 30| 31|200 3.08257539 0 | 3.08254910 0 2.4-7| 1.7-7| 1.8-16| 0 | 1.3-16| 0 | 3.7-6 1:18
nonsym(6,5) | 194480 | 1296; 26| 28|200 3.09572024 0 | 3.09557416 0 6.4-7| 6.6-7| 0.8-16| 0 | 0.1-16| 0 | 2.0-5 6:39
sym rd(3,20) | 10625 | 231; 22| 22| 61 1.52150093 0 | 1.52146500 0 2.5-7| 7.6-7| 0.5-16| 0 | 0.1-16| 0 | 8.9-6 06
sym rd(3,25) | 23750 | 351; 20| 20| 72 1.62975155 0 | 1.62975642 0 4.7-7| 4.5-7| 0.3-16| 0 | 1.1-16| 0 | -1.1-6 11
sym rd(3,30) | 46375 | 496; 15| 15| 77 1.82416348 0 | 1.82417998 0 4.1-7| 1.7-7| 0.2-16| 0 | 0.2-16| 0 | -3.6-6 23
sym rd(3,35) | 82250 | 666; 43| 46| 72 1.82999132 0 | 1.83002862 0 5.4-7| 3.3-7| 0 | 0 | 0.8-16| 0 | -8.0-6 1:27
sym rd(3,40) | 135750 | 861; 37| 39| 82 1.99315221 0 | 1.99323089 0 1.7-7| 5.7-7| 0.3-16| 0 | 1.0-16| 0 | -1.6-5 2:18
sym rd(3,45) | 211875 | 1081; 31| 31| 87 2.14076548 0 | 2.14073540 0 5.5-7| 2.2-7| 0 | 0 | 1.1-16| 0 | 5.7-6 4:31
sym rd(3,50) | 316250 | 1326; 37| 37| 87 2.06951100 0 | 2.06938546 0 5.1-7| 7.6-7| 0 | 0 | 0.1-16| 0 | 2.4-5 8:24
sym rd(4,20) | 8854 | 210; 11| 11|214 8.60616358 0 | 8.60597144 0 5.6-7| 6.6-7| 0.8-16| 0 | 0.0-16| 0 | 1.1-5 05
sym rd(4,25) | 20474 | 325; 35| 36| 83 8.56184837 0 | 8.56212636 0 1.2-7| 8.1-7| 0 | 0 | 0.2-16| 0 | -1.5-5 16
sym rd(4,30) | 40919 | 465; 29| 29| 74 9.56029222 0 | 9.56055568 0 4.6-7| 6.8-7| 0 | 0 | 0.6-16| 0 | -1.3-5 44
sym rd(4,35) | 73814 | 630; 46| 51| 77 1.09833279 1 | 1.09831864 1 6.3-8| 2.2-7| 0 | 0 | 0.7-16| 0 | 6.2-6 1:45
sym rd(4,40) | 123409 | 820; 60| 76| 86 1.15471518 1 | 1.15473381 1 5.4-8| 6.6-7| 1.6-13| 0 | 3.2-16| 0 | -7.7-6 4:56
sym rd(4,45) | 194579 | 1035; 45| 62| 90 1.18424653 1 | 1.18425819 1 5.7-8| 3.5-7| 1.0-13| 0 | 1.3-16| 0 | -4.7-6 7:44
sym rd(4,50) | 292824 | 1275; 45| 62| 91 1.30418148 1 | 1.30421731 1 6.8-8| 7.9-7| 1.0-15| 0 | 1.4-16| 0 | -1.3-5 12:44
sym rd(5,5) | 461 | 56; 8| 8| 59 1.95250518 0 | 1.95247488 0 4.6-7| 9.5-7| 0 | 0 | 2.2-16| 0 | 6.2-6 01
sym rd(5,10) | 8007 | 286; 22| 22| 59 2.98125399 0 | 2.98114212 0 4.0-7| 7.7-7| 0.1-16| 0 | 4.9-16| 0 | 1.6-5 07
sym rd(5,15) | 54263 | 816; 41| 43|111 3.49345457 0 | 3.49338911 0 5.3-8| 2.4-7| 0 | 0 | 0.3-16| 0 | 8.2-6 2:53
sym rd(5,20) | 230229 | 1771; 29| 35|139 4.17928037 0 | 4.17942269 0 3.1-7| 2.9-7| 0 | 0 | 0.8-16| 0 | -1.5-5 27:28
sym rd(6,5) | 209 | 35; 9| 9| 51 1.31674208 1 | 1.31674075 1 3.6-7| 3.5-7| 0 | 0 | 1.9-16| 0 | 4.9-7 01
sym rd(6,10) | 5004 | 220; 21| 21| 57 2.27372641 1 | 2.27380428 1 1.9-7| 6.2-7| 0.0-16| 0 | 3.1-16| 0 | -1.7-5 04
sym rd(6,15) | 38759 | 680; 32| 35|137 2.70987911 1 | 2.70973348 1 4.7-7| 6.4-7| 0 | 0 | 1.2-16| 0 | 2.6-5 1:33
sym rd(6,20) | 177099 | 1540; 26| 37|185 3.15086704 1 | 3.15084788 1 6.4-7| 4.2-7| 5.3-16| 0 | 1.2-16| 0 | 3.0-6 22:48
nsym rd([10,10,10]) | 3024 | 100; 9| 9|250 2.44205446 0 | 2.44203438 0 5.6-7| 4.0-7| 0 | 0 | 0.2-16| 0 | 3.4-6 02
nsym rd([15,15,15]) | 14399 | 225; 9| 9| 64 2.48378784 0 | 2.48373174 0 9.9-7| 9.7-7| 0.7-16| 0 | 0.5-16| 0 | 9.4-6 03
nsym rd([20,20,20]) | 44099 | 400; 14| 14|200 3.47772119 0 | 3.47780114 0 5.3-7| 7.3-7| 0 | 0 | 1.1-16| 0 | -1.0-5 18
nsym rd([20,25,25]) | 68249 | 500; 47| 51| 66 2.78568871 0 | 2.78562272 0 2.4-7| 6.0-7| 0 | 0 | 2.0-16| 0 | 1.0-5 58
nsym rd([25,20,25]) | 68249 | 500; 49| 50| 77 2.77557008 0 | 2.77563681 0 8.4-8| 7.0-7| 0.3-16| 0 | 3.8-16| 0 | -1.0-5 58
nsym rd([25,25,20]) | 68249 | 500; 14| 14|129 2.87657149 0 | 2.87658217 0 8.8-8| 9.0-8| 0 | 0 | 1.4-16| 0 | -1.6-6 34
nsym rd([25,25,25]) | 105624 | 625; 56| 64| 95 2.83000532 0 | 2.83011896 0 1.5-7| 9.0-7| 0 | 0 | 1.7-16| 0 | -1.7-5 1:33
nsym rd([30,30,30]) | 216224 | 900; 30| 33|122 3.03772558 0 | 3.03770676 0 6.2-7| 4.6-7| 0.3-16| 0 | 0.0-16| 0 | 2.7-6 3:52
nsym rd([35,35,35]) | 396899 | 1225; 45| 49|141 3.07047975 0 | 3.07050501 0 1.4-7| 2.0-7| 0 | 0 | 1.4-16| 0 | -3.5-6 9:14
nsym rd([40,40,40]) | 672399 | 1600; 33| 35| 93 3.87873078 0 | 3.87863899 0 2.1-7| 3.3-7| 0.2-16| 0 | 0.1-16| 0 | 1.0-5 14:23
nsym rd([5,5,5,5]) | 3374 | 125; 10| 10|128 1.89465077 0 | 1.89464303 0 1.4-7| 1.8-7| 0 | 0 | 2.0-16| 0 | 1.6-6 02
nsym rd([6,6,6,6]) | 9260 | 216; 10| 10|132 2.68232681 0 | 2.68236807 0 2.1-7| 5.9-7| 0.1-16| 0 | 0.5-16| 0 | -6.5-6 04
nsym rd([7,7,7,7]) | 21951 | 343; 10| 10|200 3.33236931 0 | 3.33240403 0 1.5-7| 2.8-7| 2.3-16| 0 | 2.7-16| 0 | -4.5-6 11
nsym rd([8,8,8,8]) | 46655 | 512; 11| 11|200 2.83768958 0 | 2.83773386 0 1.0-7| 3.3-7| 0 | 0 | 1.0-16| 0 | -6.6-6 28
nsym rd([9,9,9,9]) | 91124 | 729; 14| 14|200 3.10895856 0 | 3.10890841 0 3.1-7| 2.6-7| 2.6-16| 0 | 2.0-16| 0 | 6.9-6 1:07
nonsym(12,4) | 474551 | 1728; 5| 17|200 5.92161950 0 | 5.92162092 0 2.8-8| 4.5-9| 0.1-16| 0 | 0.2-16| 0 | -1.1-7 16:55
nonsym(13,4) | 753570 | 2197; 15| 55|200 7.27450656 0 | 7.27450942 0 5.2-7| 5.6-9| 1.0-16| 0 | 0.8-16| 0 | -1.8-7 1:51:34
nonsym(7,5) | 614655 | 2401; 32| 43|200 5.10582689 0 | 5.10572890 0 2.4-7| 2.0-7| 0 | 0 | 2.7-16| 0 | 8.7-6 53:29
nonsym(8,5) | 1679615 | 4096; 14| 22|200 5.77855140 0 | 5.77862086 0 5.2-7| 1.0-7| 0 | 0 | 4.8-16| 0 | -5.5-6 2:46:20
nonsym(18,4) | 5000210 | 5832; 13| 55|200 1.53963123 1 | 1.53954727 1 5.8-7| 3.7-7| 0 | 0 | 1.6-16| 0 | 2.6-5 8:50:14
nonsym(20,4) | 9260999 | 8000; 7| 17|200 1.77231047 1 | 1.77233375 1 5.2-8| 7.4-8| 0 | 0 | 2.2-15| 0 | -6.4-6 8:26:40
nonsym(21,4) | 12326390 | 9261; 7| 21|200 2.03462783 1 | 2.03463278 1 5.7-8| 1.3-8| 2.9-15| 0 | 2.9-15| 0 | -1.2-6 14:22:05
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